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TOYOTA LIMITED EDIT 


L Free full carpeting 
and deluxe door trim. 


3. Free deluxe cloth 
КАО. seat upholstery. 


6. Free chrome grille and exterior trim. 
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SAVE $555. 


Put yourself in a new 1988 Limited Edition Standard 
Bed Truck and get $555 worth of the most popular truck 
options free” 

This is the same Toyota Standard Bed Truck thats set 
the standard for quality in compact trucks. The one that 
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GET SEVEN 


A. Free Limited Edition 
Sport striping. 


4 Free styled steel wheels. 
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5. Free tinted glass. 


1. Free chrome bumpers, 
front and rear. 


^ 


hauls a standard payload of 1640 Ibs., biggest in its class?" 
The free options are the same high-quality Toyota 
options that usually cost hundreds of dollars more. But 
you get them all free when you buy a low-priced Limited 
Edition Standard Bed 4x2 or 4x4 Truck. 
Great savings are also available on Toyota Limited 
Edition Deluxe models. 
Get More From Life...Buckle Up! 


TOYOTA QUALITY 


WHO COULD ASK FOR ANYTHING MORE: 


GRANT A. BURNETT 
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A MEMO FROM THE PUBLISHER 


Dear Advertiser: 


f'm happy to report that for the six month period ending 
December 31, 1987, POPULAR SCIENCE delivered a BONUS 
circulation of 61,155 over its 1.8 million rate base. 


Equally significant is the fact that single copy sales, a prime 
indicator of a magazines vitality, continue to rise at a time when 
many publications are experiencing declines at the newsstands. 
POPULAR SCIENCE' average for the last six months of 1987 
shows a 2.5% increase over the same 1986 period, and a 12.5% 
increase over the last six months of 1985. 


This circulation strength is a clear sign that we are in tune with 
readers' needs and interests. POPULAR SCIENCE is more timely 
than ever with ahead-of-the-pack coverage of new products and 
technology. And our contemporary, lively format features sharp, 
clean graphics, high quality paper, and almost total use of 
four-color in our editorial. 


Advertisers are responding, too, with a 5.296 increase in ad pages 
for 1987 over 1986, and a 9.7% increase in revenue. 


As POPULAR SCIENCE marks its 116th anniversary with this 
issue, it is, more than ever, the one magazine men rely on to learn 
about exciting new products for their homes, their personal 
transportation, recreation and leisure time. 


Cordially, 


Publisher 


Sources: ABC Publisher's Statements and PIB 


You'll receive FREE details on the 
breakthrough HOME PROTECTOR" 
Wireless Security System ...from 
BLACK & DECKER. 


Can you imagine returning home 
after a relaxing vacation...or a hard 
days work...to discover that you've 
been robbed. 

According to FBI crime statistics 
this will happen in one of every four 
homes over the next ten years. And it 
could happen to you...at anytime. 


At Last...a Home Security 
Solution! 


Now whether you're leaving on 
vacation...a business trip...going to 
work ...or just around the corner to 
your local market...your home and 
family can have RELIABLE 
SECURIT Y! Е 


Introducing HOME PROTECTOR 
...Professional Quality Home Security 
that can guard your doors and win- 
dows...24-hours-a-day! 


Now...Stop Intruders Cold! 


Any intrusion effort is instantly met 
with flashing lights...a powerful siren 
„and, with our optional "on-line" 
HOME PROTECTOR Service, a direct 
call to the authorities of your choice! 


Plus... HOME PROTECTOR" 
has Failsafe Features! 

To put it simply...the HOME PRO- 
TECTOR SYSTEM is almost impos- 
sible to DEFEAT! 

The reason is EVERY component 
of the system...Door Sensors ...Win- 

dow Sensors... Siren... and the 


a Controller itself work indepen- 
` dently. So, once ANY intrusion 


signal is sent out ...every element 
of the system is ARMED...INDE- 
PENDENT...AND IN ACTION 
PROTECTING YOUR HOME. 
Even if the System Control- 
ler is defeated, the rest of 
the System continues 
to operate. 


/4 BLACKS. DECKER 
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STOP BURGLARY BEFORE IT STARTS! 
CALL 1-800-922-1911 TODAY! 


Professional Quality at 
HALF-the-COST! 

Finally...BLACK & DECKER'S 
breakthrough technology makes 
Home Security ..AFFORDABLE! 
“State-of-the-Art” wireless elec- 
tronics make installation simple... 
and cuts the cost of Professional 
wiring...IN HALF! 


FREE Details...Call or Write 
TODAY. 

For complete details on the HOME 
PROTECTOR system...including 
“6 Things Burglars Know That You 
Should Know Too."...call TOLL 
FREE...or Mail The Coupon TODAY. 


CALL TOLL FREE 
1-800-922-1911 
(р PLACKE DECKER" 


HOME PROTECTOR тм 
Dept. A153 

Box 5259 

Clifton, NJ 07012 


OVESI | want to know more about the 
breakthrough HOME PROTECTOR se- 


Information Package. 
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Science 


Turbos 


To overcome the troublesome prob- 
lem of turbo lag, manufacturers are 
now developing quick-response tur- 
bochargers that will incorporate 
the latest advances in high-temper- 
ature ceramics, electronics, and 
exhaust-gas flow design. Are these 
new turbochargers the best of all 
worlds? Page 68 


MAY 1988 


Founded in 1872/Vol. 232, No. 5 


` Travel guide 


From Boston, Mass., to Bend, Ore., 
Duluth, Minn., to Dallas, Texas, 
the POPULAR SCIENCE Travel Guide 
features 300 of the top U.S. science 
and technology attractions you can 
visit. Plus: the ’88 RVs to get there 
in style. Page 47 


Elegant 
basement 


Eight clever ideas you can adapt 
to your home combine to give this 
basement style. Plans give all the 
details. Page 86 


Auto tech '88 


This special section on automotive 
technology brings together many 
new developments, with peeks into 
the future. A few ofthe highlights: 
Slingshot, Chrysler's radically new 
concept car; concept cars from Ford 
and Cadillac; a 32-valve high-out- 
put engine; a new computer-con- 
trolled automatic transmission; a 
V10 engine; an update on active 
suspension; plus an instrumented 
test on cars with hot four-valve-per- 
cylinder engines. Page 22 
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COVER PHOTO BY GREG SHARKO 


When a company with Hondas might indicate. Indeed, the RT5000 virtue of its front and rear hydrau- 
, engineering and manufacturing сап tackle jobs previously handled lic lifts. And optional front hitch 
. expertise sets out to design anall- only by much larger tractors. and category “O” three-point 
new tractor, you can expect extra- How? By using eight forward rear hitch. 
ordinary results. and four reverse speeds with ‘To find your local Honda Power 
As evidence, we offer the Honda ratios ideally matched tothe en- Equipment dealer, look in the 
RT5000, a lightweight tractor with — gines torque curve. And by using yellow pages, or call the toll-free 
innovative four-wheel steering, and full-time four-wheel drive. All of | number listed below. 
capabilities far greater than its size which combines to transfer the Then come down for a look 
RT5000's power to at the new RT5000. Youll see that 
the ground with un- its such a radically new concept, 
paralleled efficiency. the term tractor just doesnt do it 
In addition,itcan justice. 
operate an arrav of 
attachments available 
from Honda. е 
ing а mower, tiller, | 
1 | ! Me x eats e: и | Equipment i; 
P au "e: l — plow, dozer blade an 
bħat Del, mal ian КНЫН: ereni ез НАШЕ A MK snowthrower. All by 1-800- 426-7701 


For optimum performance and safety, we recommend you read the owner's manual before operating your Honda Power Equipment. & 1888 American Honda Motor Co., Inc. 


| Picture this 

A full cover, an editorial comment, and 
3v2 pages on the new videophones 
[March] have failed to convince me to 
spend $400 on a toy that projects a 
still picture in black and white. I have 


Readers Talk Back 


a better idea; instead ГЇЇ send a color | 


snapshot of myself to any of my friends 
who may be interested. I suggest that 
the developers go back to the draw- 
ing board until they can come up with 
a live picture in full color. 

R. Couture, Somersworth, N.H. 


I was excited to read about the new 
$399 Mitsubishi videotelephone, but 
without a large number of users, there 
is not much incentive to buy the de- 
vice. For the idea to really catch on, I 
think Mitsubishi should make an 
agreement with local phone compa- 
nies to lease these videophones with 
an option to buy. For a cost of about 
$20 per month ГЇЇ bet many more peo- 
ple would be interested in owning a 
videophone for their homes. 

David Thomas, Phoenix, Ariz. 


Family photo 


A photo of a technician in surgical 
gear and glasses ran with February's 
“Electronics Newsfront" item on the 
new Teflon floppy disk from Verbatim 
| Corp. The person in the picture should 


have been identified as Gary Marantz | 


because he is the chemist who spent 
many long hours and a lot of effort 
developing this technology. He's also 
my son! 

Dolores Marantz 


Woodland Hills, Calif. 


| Sorry Mom.—William J. Hawkins 


The Ranger that could 


In February's “Say, Smokey —" (Tow- 


ing a Fifth Wheel) a reader inquired | 


about towing a 20- to 24-foot trailer 


with his 1987 Ford Ranger 4x4 pickup | 
with automatic transmission. Smokey | 


replied that RV dealers who told the 
reader he could tow a fifth wheel with 
the Ranger were "thinking about their 
wallets, not your safety.” As a recrea- 
tional-vehicle dealer I take offense to 


Address letters for this column to: Readers Talk Back, PoPULAR 
SCIENCE, 380 Madison Ave., New York, М.Ү 10017. We are 
unable to acknowledge unpublished letters. 
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this comment and back up my opin- 
ion with the 1987 Ford Recreational 
Vehicle and Trailer Towing Guide fur- 
nished to me by Ford. The '88 edition 
has the identical information. The 
guide indicates that the Ranger is 


| capable of towing 5,000 pounds; and 


because we manufacture 21-and 23- 


his camper. 
James S. Mandle 
National Sales Manager 


Play-Mor Trailers, Westphalia, Mo. | 


What's that Porcupine? 


General Motors Corp. spent a lot of 
time, money, and engineering on Sun- 


raycer (“Chasing Sunraycer Across | 


Australia,” Feb.]. Why did GM use a 
foreign make for its support vehicle? 
James M. Spaulding 
Framingham, Mass. 


The multi-antenna Porcupine was 
based on a Holden Jackaroo, built by 
Isuzu, the 40-percent-GM -owned Jap- 
anese auto maker. It is sold in the 
United States as the Isuzu Trooper.— 
Stuart Brown 


Door-closer feedback 


I am a dealer specializing in the type 

of hardware some of your readers need 

to complete their panel saw [“Make 

Yourself a Panel Saw," Dec. '87 and 

Elusive Door Closers, “RTB,” March 

'88]. I have a supply of this item in 

stock and would be happy to accom- 
modate PoPuLAR SCIENCE readers. 

Stanley Cohen 

Asco Locksmiths 

211 McElderry St. 

Baltimore, Md. 21205 


I found the automatic sliding door 
closers in the Housewares '88 catalog. 
They're available for $35 (No. 3873E) 
from Joan Cook, Box 21628, Fort Lau- 
derdale, Fla. 33335-1628. 

Charles R. Armga, Lacey, Wash. 


Caustic condensate 


The performance of the Yukon Ultima 
EX-95 condensing oil furnace [“Con- 
densing Oil Furnace—How Good?” 
Feb.] seems excellent, but I'm con- 
cerned about the condensate, which 
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Michelin has some soothing 
news. Now you can get the 
carrying capacity of a light 
truck tire with something extra: 
comfort. The comfort of a 
Michelin passenger tire. 

Thanks to the Michelin 
All-Weather XCH4 radial. 

The XCH4 has a 
unique tread design 
that can actually 
allow for a quieter, 4 LE. 0 

WM; 


pA XX 


su more com- 
1 fortable ride. 

The XCH4 
ES can also 
==) offer you 

1 something 
| 5 rarely seen in 

== a light truck 
tire: perform- 
ance. So 
you'll experience crisp handling 
and precise response. 

Best of all, your vehicle will 
achieve all the excitement and 
fun it was designed for. Most 
importantly, the XCH4 is engi- 
neered to last. Because it's 
designed to wear slowly and 
evenly. Which helps pre- 
EX. vent premature 
^ wearout. And that 


AS y b translates into the 


| kind of mileage that 
| Michelins have always 
` been famous for. 

Your Michelin dealer 
has a variety of sizes to 
aa [it everything from vans 
tl and light trucks to 


E four-wheel-drive vehicles. 
See him soon. 

After all, why learn 
about life on the 
road the hard 
way? 


GAS. 
AMERICA’S 
BEST 
ENERGY 
VALUE. 


© 1987 American Gas Association 
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Readers Talk Back са 
Борик 


Publisher Grant A. Burnett 


is caustic enough to require special 
alloys for handling it within the fur- 
nace. The author says he uses a sump 
pump to periodically dump the fluid 
outdoors. Does the fluid corrode the 
pump? What effect does it have on 
lawns, shrubs, and gardens? Is there 
an alternative to dumping outside? 
Scott Reed, Greenfield, Mass. 


I wouldn't drain the oil furnace con- 
densate into a flower bed—in our case 
it did damage to about one square foot 
of grass beside the building, but didn't 
harm some undesirable weeds in the 
same area. I always use a corrosion- 
resistant condensate pump for any ap- 
plication including air-conditioner con- 
densate removal, but you could also use 
a neutralizer cartridge in the drain line 
to a conventional pump. Remember, in 
most cases the condensate will flow to 
a floor drain. I recommend the neu- 
tralizer anytime the system drains into 
a septic tank or municipal sewer. Yu- 
kon markets an effective, inexpensive 
model with a replaceable element as 


| an accessory.—Evan Powell 


Smokey slipped 


Smokey's reply to the letter about the 
1981 Ford Escort carburetor freeze-up, 
[^Say, Smokey —" Feb.] is incorrect: 
The Escort intake manifold doesnt 
have exhaust-heat passages. We had 
the same freeze-up problem with our 
'81 and '82 Escorts, and found the 
problem to be a leaking vacuum ac- 
tuator for the exhaust-manifold heat 
door. Because Ford Motor Co. doesn't 
sell the part itself—only the whole 
air cleaner assemblv—I had to get air 
cleaners from salvage yards and use 
their actuators. 

Tom LaPrise, Monroe, Mich. 


Corrections: In the article *Coloring 
Concrete" [Nov. '87] and then in a re- 
cent reader letter [Stain with Stam- 
ina, “RTB,” March] a ski lodge in Sun 
Valley, Idaho, was mentioned as being 


| designed by Frank Lloyd Wright and 


built with stained concrete. Thanks to 
the sleuthing of reader Richard E. 


| Twiss of Chicago, we found out that 


in fact Wright did not design the lodge 
in question. The concrete-stain com- 
pany involved (Epmar Corp.) gave us 
incorrect information. The company 
does stand by claims that Kemiko 
stain was used on the lodge and that 
the building is 50 years old. 

After the April issue was in print 
we were notified of a price change on 
the EMS model FT 4100 electronic 
tapemeasure. It now lists for $199 
(was $280). 
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CONNECT YOUR COMPUTER TOA 
HIGHER INTELLIGENCE. 


‚ CompusServe's reference 

, databases make you more 
productive, competitive, 

" and better informed. 

* Remember the last time you tried to 
get your hands on hard-to-find facts? In 
a magazine article you read a year ago. 

„ Іп a news report you never saw. Or in a 
table of data you didn't know existed. 

* Imagine those facts just a few 

, keystrokes away on your personal 
computer. Through CompuServe. 


Your personal research center. 
* Save hours of research by going 


> 


straight to the reference information 
you need in seconds. 

Access thousands of sources of 
information in the areas of business, 
finance, medicine, education, 
demographics, science, law, news, 
popular entertainment, and sports. 


What you know can help you. 


Research an industry or company 
through articles, financial statements, 
and other sources. Analyze an 
investment. Assist in a job search. 
Follow market competition. Investigate 
a business opportunity. 


Check characteristics such as age, 


income, and occupation in any US. 
community. For a geography report, 
a business plan, or a family move. 


All you need to access CompuServe's 
unlimited world of information is a 
modem and just about any personal 
computer. Visit your computer dealer 
today. To order direct, or for more 
information, call or write: 


CompuServe’ 


Information Services, PO. Box 20212 

5000 Arlington Centre Blvd., Columbus, OH 43220 
800-848-8199 

In Ohio and Canada, call 614 457-0802 

An HAR Block Company 


Chevy beats Ford. 
And USAC tests prove it. 
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THE 


` OF AMERICA /—  — TODAY'S CHEVY TRUCK | 


In official tests by the United States Auto Club, Chevy beat Ford. Standard 
half-ton to standard half-ton, both with half-ton payloads, both with the 
best automatic transmissions* available, the full-size Chevy pickup beat Ford. 

In O to 60 acceleration. In 40 to 55 MPH passing, In level and uphill 
trailer-towing acceleration. In wet-surface handling through a pylon course. 
The results are as clear as black and white: In performance where you want 
it most, Chevy with Vortec V6 beats Ford. And USAC tests prove it. 


Maybe iba Chew you should be du 


together. powertrain warranty protection and 6 years or 
4 buckle up. 100,000 miles of body rust-through protection. 


LITY COMMITMENT PLAN y Lp 
Ges TUE Chevy dealer for terms and Olid proof of the quality built into every new 


conditions of the limited warranty. full-size Chevy pickup. 


Г 60 Lets get it — Best-backed Chevys ever. 6-year/60,000-mile 
[] Fj | 
ae V 


*lests conducted with Chevy C1500 equipped with standard engine and available 4-speed automatic, and ford F-150 equipped wit! 


Science Newsfront 


By ARTHUR FISHER 


This new device, invented by AT&T re- 
searcher Janis Valdmanis, uses an 


Super-fast pulses 


Looking something like a diamond 
phonostylus, the object in the photo 


above is actually a tiny crystal of lith- | 


ium tantalate that has been honed to 
a tip just 40 microns (40 millionths of 
a meter or 0.0016 inch) across. It is 
the business end of an electrooptic de- 
vice that is being used to directly mea- 
sure, for the first time, super-fast 
electrical signals inside microelec- 
tronic devices. 


The new system, invented by Janis | 


Valdmanis, a researcher at AT&T Bell 
Laboratories, lets circuit designers 
take the pulse of signals with a time 
resolution of less than 0.3 picosecond, 
a hundred times faster than conven- 
tional techniques. The key to the 
system is the electrooptic tip. It is 
attached to the end of a quartz sup- 
port rod below a high-resolution mi- 
croscope and can zero in on any kind 
of integrated-circuit material—even 
features just microns wide—to sense 
local electrical fields. These fields, 


which correspond to voltage varia- | 


tions on the conducting lines of the 
| circuit, change the optical properties 
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electrooptic tip to clock ultra-fast 
pulses in microelectronic circuits. 


of the crystal. And these changes, in 
turn, are monitored by shining sub- 
picosecond laser pulses through the 
crystal and measuring the changes in 
their intensity. A researcher peering 


Epinephrine crystals glitter in a grand- 
prize-winning Polaroid instant photo. 


и 
m 


through the microscope can train the | 


electrooptic tip and a micron-size 
spot of laser light almost anywhere 
desired and by doing so gain an elec- 
trical window into the heart of the 


| circuit. 


| Crystal palace 


The photo at the bottom of this page 
took a first and the grand prize in last 
year's Polaroid International Instant 
Photomicrography Competition. It 
shows crystals of the hormone epi- 
nephrine magnified ten times. Crossed 
polarizers were used for the dazzling 
coloristic effects. The photographer, Dr. 


Dennis Kunkel of the University of 
Washington's Department of Neurolog- | 
ical Surgery, won $1,000 and a trip to | 


Hawaii or Paris. 


Mini spacecraft 


Picture this: electrical slingshots in | 


orbit catapult dozens of coffee-can- 
size objects into space. Mission: scien- 
tific exploration of the solar system 
and beyond. 

That's the vision of Ross M. Jones, 
an engineer at NASAs Jet Propulsion 
Laboratory in Pasadena, Calif. In a 
technical paper presented in January 


to an aerospace sciences conference, | 


launchers, or railguns, now being de- 
veloped as weapons for the U.S. Stra- 
tegic Defense Initiative program, could 
launch small —three-pound — scientific 
probes on trajectories to the sun, plan- 


| he proposed that electromagnetic | 


ets, asteroids, comets, and even inter- | 


| planetary space. 


"Instead of one large, expensive 
spacecraft launched every few years," 


Jones said, "NASA could launch per- | 


haps ten to fifty identical, small, rel- 
atively inexpensive spacecraft per 
year, at a fraction of the $300 mil- 
lion to $800 million cost of today's 


ultra-sophisticated multi-instrument | 


| spacecraft. The savings would accrue 


from taking advantage of modern 
microelectronics and limiting the sci- 
entific objectives of each craft —mak- 
ing a virtue of the necessity imposed 
by a small space. The tiny probes could 
also be able to reach their targets 
much faster than conventional space- 
craft can. 

Railguns use intense electromag- 
netic fields that accelerate projectiles 
to far higher velocities than conven- 

Continued 


Б “My desk was 
; only a step 

- away from the 
a Salvation 


under loads of old paint, but 

he spotted the potential. 
"Formbys Paint Remover 

removed 


aj EU DUE 
BAH apo lum, mm 
= 


one of our | SESS 


i Army." layers of old | 

That's Dave Bostic, paint, with- i 
Purchasing Agent, talking = out hurt- | | 
about the piece he refinished es ing the | 
with Formbv'' Condition- $ TT wood,” | | 
ing Furniture Refinisher. | reports | E 
This recent discovery from B Bob. | ] 
the Formby's Workshop Indeed, l 


contains special wood 


os ee 
= m 


proudest d E uue ге i 


А : , m 
= " = P e 2 — a Р " п 5 پچ‎ Ey, -i in a " 
-. z oT = = Е = " = jk a a m ir E = „ы 
„асова ЕЕ 3 ——— FT ВАЕ rT ET am н our FERES —- 


| INARY 
| PEOPLE. _ 
| | EXTRAORDINARY 


Every day, people who are all thumbs— 
people who probably failed Shop in High School 
—are getting fabulous results with the 
remarkable products that come from The 
Formby's Workshop. 
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Science Newsfront сола 


| tional spacecraft relying on chemi- 


cal propulsion can achieve. For exam- 


ple, Jones estimates that a 2.2-pound 
spacecraft launched by an orbiting 


railgun would achieve an exit veloc- | 
ity of about six miles per second, so | 


that it could travel from Earth orbit 
to Saturn (about 750 million miles) 
in just two years. By contrast, the 
one-ton Voyager spacecraft launched 
by a Titan-Centaur rocket from Cape 
Canaveral, Fla., took more than four 


| years to reach Saturn, and then only | 


| because it received a gravity boost as 
it flew by Jupiter. No current U.S. 
launch vehicle is capable of sending 
a spacecraft that far without a sim- 
ilar gravity-assist flyby. 


If his mini-spacecraft concept is | 


eventually applied, says Jones, “it 
will open up an entirely new avenue 
for the achievement of space science 
objectives.” 


For want of a nail... 


| You know the rest: lost shoe, lost 
horse, lost rider. Not this time, bub. 
The horseshoe in the photo at the top 
of this page is nailless. Made from a 
General Electric plastic by Shoe Bond 
Systems, it was developed by two den- 
tists, M. John Pautienis and Richard 
Shakalis. They figured it would be pos- 
sible to apply their know-how — dental 
bonding—to horsey matters. The shoe 
is first held in place by an adhesive. 
The flexible high-impact plastic is 
heated on the horse's hoof and is then 
hand molded for a custom fit. 

The plastic shoe is one-third the 
weight of metal ones, reducing the 
strain on a horse's tendons and liga- 
ments. And it avoids the nailing that 
can lead to dry, cracked, and weak- 


No nails is good nails in this all-plastic 
replacement horseshoe. 


ened hooves. It is not, however, de- 
signed to replace metal shoes entirely. 
You'll have to go to the horses mouth 
(Shoe Bond Systems, Hyannis, Mass.) 
for recommendations on use. 


Piping hot 
Thermochemical energy transport is 


a relatively untried concept. It in- 
volves sending a room-temperature 


pipes over long distances. The gas is 
converted back into a hot fluid at the 
destination and can then be used to 


| generate electricity or for industrial 


process heat. The method is poten- 
tially more efficient than fluid trans- 


f — 


| gas with high chemical energy, rather | 
| than a conventional hot fluid, through 


port because it avoids the substantial 


heat losses, even through insulated 
pipes, when hot liquids are used. 
Now researchers in a joint U.S.- 
Israeli program have successfully 
tested a device that converts solar en- 


ergy to chemical energy for thermo- | 


chemical transport. The device is a 
combination of a chemical reactor 
(seen below right) and a solar receiver, 
designed by Sandia National Labora- 
tories. It was tested in a solar furnace 
at the Weizmann Institute of Science 
in Rehovot, Israel. The hybrid device, 
called the 20-kilowatt Reflux Heat- 
Pipe Solar Receiver/Reactor, appears 
in the photo below left. It is the rec- 
tangular apparatus reflected in the 
7.3-meter (23.9-foot) concentrating 
mirror of the solar furnace. 

In the thermally driven reversible 
chemical reaction used, methane and 
carbon dioxide combine to form hydro- 
gen and carbon monoxide. The heart 
of the reactor consists of a series of 
vertical tubes filled with granules of 
a catalyst through which a mixture 
of methane and carbon dioxide flows. 


The array of tubes nests in sodium, | 


an intermediate heat transfer me- 
dium. This in turn is enclosed by a 
receiver/absorber wall, and then by 


an insulated box with an opening that | 


allows concentrated sunlight—from 
the solar-furnace mirror—to enter. In 


a full thermochemical energy trans- 


port system, the carbon monoxide and 
hydrogen that form when the reac- 
tants are heated would be piped to a 
distant point and then converted— 
giving up heat—back into methane 
and carbon dioxide. The use of sodium 
helps maintain an even temperature 
—about 1,470 degrees F—over the re- 
actor tubes. PE 


A 20-kW thermochemical reactor, jointly developed by U.S.-Israeli researchers, reflects in a solar-furnace mirror. 


12 | POPULAR SCIENCE 


Announcing the most dramatic 
development in home dental care since the 
invention of the toothbrush. 


ince early man invented the first toothbrush, TE 
$ the technique for using it has remained just Dental prokssionals approve 
as primitive. So primitive that even today, “Гат recommending it to all my 
9 out of 10 Americans end up with some form of patients:—Dr. L.K. Yorn, Cedar Grove, NJ 77 
gum disease. The problem, historically, has been “At last, my patients enjoy using a product U 
how to remove plaque. The solution now comes we recommend-— Dr. JW. Blackman, III, | 
in the form of a technological Winston-Salem , NC 
breakthrough called the INTERPLAK “Since my patients have been | 
Home Plaque Removal Instrument. using the INTERPLAK instrument, | 
SS _—— I have seen a dramatic improvement 
The pagine: sce шш m. "€ in the health of their teeth and | 
laque-free y Bach bristle rotates 4,200timesa GUMS. —Dr. S.G. Newhart, | 
| р “Ire l minute and тиме directio 46times Orthodontist, Beverly Hills, CA G 
Plaque is the real villain in kin | ‘Its a technological — 
oral hygiene. If not removed daily, чи ME ise dental 
| ial filr | ingivitis, dee ||. care-—Dr, A. Kushner, » E 
an early stage of gum diese and” ИА Chicago . 2I 
tooth decay. But clinical studies El | Ask your own dentist TE 
have shown that manual brushing amaaa maaana DOLL the benefits of using 
removes only some of the plaque up-and-down motion often misses the INTERPLAK instrument. | 
build-up. Those same studies, on iii hile me tf 
p иш. =з Тһе future of home 
the other hand, show that the ni | 
T | "o we | dental care has never 
INTERPLAK instrument cleans teeth Е hei 
: | КТТ looked brighter. 
nearly plaque free, and improves v heb ^$ و‎ жє Sa ae 
the health of your gums. NY | Each INTERPLAK 
How the INTERPLAK Te cnr ton seme iroko, gdid 
instrument cleans circles ehtaa DAL UNT Pu IA. nid $ 
ad alina , ween ее) and under вит ^^ recharging between uses 
around ordinary brushing. e | 
a | in its own stand. It comes 
With manual or even electric toothbrushes, with two interchangeable brush heads. 
you move the bristles up and down or back and You can also purchase additional brush 
forth. But with the INTERPLAK instrument's heads so every family member can bene- 
patented design, the brush remains still while the fit from cleaner teeth and healthier gums. 


bristles rotate. Ten tufts of bristles literally scour off For additional information or the 
plaque and stimulate your gums. And at the precise пате of a retailer 

moment they reverse direction, the tufts fully extend near you, call a 2 

to clean deep between teeth and under gums, Yet toll-free 1-800- "Z 


because the bristles are four times softer than the 537-1600, > 3 
softest toothbrush, the INTERPLAK instrument is по and ask for -9 
more abrasive than manual brushing with toothpaste. Operator 126. j 

& М 

5 

HOME PLAQUE REMOVAL INSTRUMENT : H: 

The INTERPLAK Home Plaque Removal Instrument is Acceptable pg | 

а i e 
Council on Dental Materials, Instruments and Equipment, American i | 

Dental Association. _ son 


©Dental Research Corporation, 1988. 
INTERPLAK® is the registered trademark of the Dental Research Corporation. 


EnergyQ&A 


By JAN F. KREIDER 


Limited barrier effect 


I recently learned of an aluminized 
Mylar plastic film that’s touted as a 
radiation barrier. The manufacturer 
claims that the film will maintain 
attic temperature to within 10 degrees 
F of ambient temperature. Is this bar- 
rier cost effective? 
John W. Ufema M.D. 
Port Charlotte, Fla. 


Without knowing the actual cost, I can- 
not address cost effectiveness. However, 
the claim that attic temperature can 
be held to within 10 degrees F of am- 
bient can be challenged. Attic temper- 
atures beneath typical shingled roofs 


| will exceed ambient by more than 10 


degrees F because conduction and con- 
vection heat transfer are little affected 
by the presence of the barrier. There- 
fore, even with a 100-percent-effective 
radiant barrier, significant heat gains 


| can occur by the other two mechanisms 


of heat transfer. Currently the Ameri- 
can Society of Heating, Refrigerating 
and Air Conditioning Engineers has 
a research project under way to deter- 
mine the true effectiveness of radiant 
barriers. For more information, see 
the August 1987 article "Foiling the 
Summer Sun." 


Bicycle-powered microwave? 


Is there an inverter to change 12-volt 
DC to 110-volt AC to operate a refrig- 
erator, microwave oven, or TV? What 
I envision is a bank of DC batteries 
kept charged by a trickle charger that 


| is powered, at least partially, by a bi- 
| cycle or similar device. 


George E. Simmers 
Carson City, Nev. 


Inverters of this type are available com- 
mercially from a number of suppliers 
who produce them for solar photovol- 
taic use. Among these are American 
Power Conversion Corp. of Burlington, 
Mass., SunPower Solar Technik of 


| Frankfurt, West Germany, and Helio- 
| trope General of Spring Valley, Calif. 


Most manufacturers of electrical equip- 
ment offer a line of DC-to-AC invert- 
ers. As for keeping the batteries 
charged, an athlete in top condition can 
produce 1/3 horsepower (250 watts) for 
a period of one to two hours per day 
under peak output. An average person 
operating at one-third of this level 
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| We have an extra room attached to our 
| house, which becomes quite warm in 
| the summer. Because we are planning 


| three or four days per week when 


| setback thermostats can actually penal- 


| heat-pump-based heating systems. 


could produce about 80 watts, hardly 


What you need to do is put together а | 
setback controller with a time-delay 
feature for the resistance elements. This 
will enable the heat pump to slowly 
heat up the space. The warm-up pe- 
riod will be longer using the heat pump 
| than it would be if resistance heat were 
used. And when the outdoor tempera- | 
ture is too low for the heat pump to be 
effective—as it often will be on cold 
winter mornings—then there is no way 
to avoid using resistance heat with | 
your presení system. 


enough to power a light bulb, let alone 
operate a microwave oven. Some other | 
method of charging—photovoltaic pan- | 
els, for example—is required. 


Hot water below ground 


Is there any technical information on 
storing water heated by a wood stove 
in underground tanks? 
Kevin W. Ramsdell 
Anchorage, Alaska 


Underground tanks work well if they 
are insulated and if they are located 
above the local water table. If either 
of the above conditions is not met, sig- 
nificant heat losses will occur and ne- 
gate any energy savings. 


Bonus room with bonus heat 


Fireplace: energy waster? 


Гуе heard many times that a typical | 
fireplace is an extreme energy wast- 
er—the heated air goes right up the 
chimney. However, it seems that I can 
heat up my living area faster with the 
glass doors open than if they are closed | 
with the blower on. 
| Mark A. Thornberg 
Wyoming, Mich. 


to reroof the house, what can we do 
about insulating it at the same time? 
William J. Fisher 

Newport Beach, Calif. 


Because fireplace designs vary so 
much, it isn't possible to give a gen- 
eral answer to your question. It is true 
that a fireplace with the center of the 
fire located relatively deeply in the fire- 
box won't deliver much heat to the ad- 
Jacent space. In some poor designs 
more heat can be consumed than is re- 
| leased. Good designs can have an effi- 
ciency of 20 to 30 percent if a forced 
hot-air system is used and outside 

combustion air is supplied. | 


I refer you to the November 1987 
"EQ&A," where this subject is dis- 
cussed. The approach described there 
involves installation of a vapor barrier, 
rigid insulation, and new roofing. This | 
method works well and will alleviate 
much of the overheating that you now | 
experience. It will also reduce your 
heating bills in the winter, which are 
already small. 


Hybrid-heating setback 


Our church uses heat pumps and re- 
sistance heaters for heating and cool- | 
ing various parts of its buildings. We 
set these thermostats manually for the 


Microwave water heater 


Since microwaves are so popular in the 
kitchen for cooking, why hasn't this 
technology been applied to domestic 
water heating? 

Gerald Manata 
Santa Barbara, Calif. 


The production of microwaves requires 
the conversion of electricity to electro- 
magnetic radiation. This process, al- 
though efficient, has losses that are 
associated. with it. Using electricity 
directly in a resistance coil to produce 
heat in the water heater avoids these 
losses. 


space conditioning is needed. I can- 
not find an automatic thermostat for 
heat pumps that avoids the excessive 
use of resistance heat during setup pe- 
riods. Do you have a solution to our 
problem? 
Herbert Thompson 
Semora, N.C. 


Jan F. Kreider is a consulting engineer specializing in the 
design and economic analysis of energy-conservation systems. 
He is the author of several books on solar technology and a 
lecturer at the University of Colorado. Every other month he 
con- 
servation or home heating and cooling. Send yours to Energy 
Questions, POPULAR SCIENCE, 380 Madison Ave., New York, 
М.Ү. 10017. Queries can't be answered by mail. 
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An original sculpture 
by an artist who 

has created works for 
world leaders. 


AMERICAN MAJESTY. An 
exhilarating tribute to our 
heritage and liberty. An American 
masterpiece by Ronald Van 
Ruyckevelt, whose works have 
been presented to such world 
leaders as President Kennedy, 
Queen Elizabeth II and the - 
Emperor of Japan. 

Experience his genius. In a 
sculpture as powerful as the American 

cagle. An original work of art — 

individually handcrafted and band- 
painted — in imported porcelain of 
exceptional quality. 

American Majesty by Ronald 
Van Ruvckevelt. A sculpture destined 
for glory. Available exclusively 
through The Franklin Mint. 


Shown smaller than actual size of 
15!" in height including hardwood base. 


it) 1988 ЕМ 
To acquire please mail by May 31, 1988. 


The Franklin Mint 
Franklin Center, PA 1909] 
Please enter mv order for American 
Mayesty, an original work of art in fine 
hand- painted porcelain at the issue 
price of $195.* 
[ need send no money now. | will 
be billed in five monthly installments 
of $39.* each, with the first payment 
due when my sculpture is ready. 
* Plus тү state sues fax and 
a total of $3. for sinpping and handling 
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The Franklın Mınt 


| Robert W. Staneck, Springboro, Ohio | 


“Say, Smokey—" 


A clinic on cars by Smokey Yunick, America’s most famous mechanic 


Missing Jeep 
I have a 1986 Jeep Cherokee with the 


| optional 2.8-liter V6 General Motors 


engine. Shortly after I got it I noticed 


| an intermittent miss when cruising at 


a steady speed. It makes no difference 
whether the air conditioning is 
switched on or off. The dealer's serv- 
ice department has replaced the 
exhaust-gas recirculation (EGR) valve 
and reset the timing, but the problem 
persists. The shop foreman told me he 
had talked to the factory representa- 


tive who told him the problem is char- | 
acteristic of that engine and nothing | 


could be done about it. But I had the 
same engine in my 1983 Camaro, also 


with an automatic transmission, and | 


never had this problem. 


One simple thing you can try is dis- 
connecting the vacuum supply to the 
EGR valve, which will prevent the 
valve from opening. If this cures the 
problem, you know the valve needs re- 
placing. If the EGR valve checks out 
OK, the best thing you can do is have 
the vehicle put on a chassis dynamom- 
eter and run at road speeds and loads. 
Monitoring the ignition and exhaust- 
gas flow will quickly shed light on the 
problem. Engine missing or Jerking is 
usually caused by a lean condition, too 
much ignition advance, or, of course, 
too much EGR. If it's a fuel or igni- 
tion problem, there are a number of 
sensors that could be at fault. 


Too-fast idle 


I have a 1978 Ford pickup with a 460- 
cubic-inch engine and four-barrel car- 
buretor. Over the years it has had a 
nagging problem with a fast idle. I’m 
tired of being pulled along at 15 to 20 
mph and having to ride the brakes. I 
know you can stretch the springs 
along the back and lower end of the 
carb, but that cure isnt permanent. 
Alan D. McGraw, Freeburg, Ill. 


Idle speed is controlled by the supply 


of air to the engine. Normally, the | 


throttle plate regulates the amount of 


| air entering the carburetor. Sometimes 


you will find, however, that an un- 
wanted air leak is letting in too much 
air when the throttle is at its idle po- 


sition. A corroded intake manifold or | 


leaking manifold gasket are common 
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causes for this problem. The choke 
mechanism also affects idle when the 
engine is cold and can raise the idle 
all the time if it is not adjusted to 
specification. In some vehicles, auto- 
matic transmission linkage adjust- 
ment can affect idle speed too. You need 
to have your truck looked over by a 
mechanic who is familiar with these 
procedures. 


Erratic performer 


I have a 1981 Oldsmobile Custom 
Cruiser station wagon with a 307- 
cubic-inch V8 engine. A few months 


ago, I had the camshaft, lifters, and 


timing gears replaced; the valves were 
apparently OK. Since the repair job 
the power and acceleration have de- 
teriorated, and the car hesitates badly, 
sometimes backfires at highway 
speeds, and is hard to start. The re- 
pair garage that put in the camshaft 
says everything looks OK, including 
the ignition timing, but an Olds dealer 
has suggested it’s time to tear down 
the engine for a look inside. I really 
don't believe this is necessary. The car 
had none of these problems before the 
camshaft was replaced. 

Richard S. Skrika, Gansevoort, N.Y. 


If you have a cylinder-leakage test per- 
formed on your engine and all cylin- 
ders are within 15 percent of spect- 
fication, there’s no need to tear the en- 
gine down. Lots of cylinder leakage 
would indicate valve or piston-ring 
problems that require engine disassem- 
bly. But reading your symptoms, one 
thing comes to mind: Check the instal- 
lation of the camshaft. A camshaft in- 
stalled out of time can cause the sort 
of sluggish, erratic performance you 
complain about. So can using lifters 
with the wrong pre-load. 


Oil-loss mystery 


I have a 1986 Chevrolet truck with a 
454-cubic-inch engine. Since it was 
new this engine has consumed oil at 
the rate of one quart per 400 miles. 
Under warranty, the dealer replaced 
the piston rings, bearings, and oil 
seals, but the oil consumption contin- 
ued at the same rate. I looked at the 
spark plugs and noticed that the No. 
7 plug was fouled with oil. 

I brought the truck back to the 
dealer, and he replaced the short 


block. The oil consumption still con- | 


tinued at the same rate. I returned to 
the dealer again, where they disassem- 
bled the new engine and found that 


the top of the No. 7 piston was coated | 


exhaust ports were clean and dry. No 
defects were found in the No. 7 pis- 
ton, rings, or cylinder. 

Ronald Skale, La Puente, Calif. 


| with oil, but that cylinder's intake and | 


The oil condition in your No. 7 cylin- | 


der makes me think that maybe your 
engine has a bad intake manifold or a 
poor gasket seal between the intake 
manifold and the cylinder head. Ei- 
ther of these problems can cause high 
oil consumption. Take the manifold off 
and carefully inspect it and the gasket 
surfaces. 

Two other possibilities come to mind. 
First, make sure the crankcase is prop- 
erly vented; if it isnt, enough pressure 


will build up inside to overcome any | 
engine's oil-control components. Sec- | 


ond, check to see if your engine has 


the correct dipstick. There have been | 
cases of engines shipped with the | 


wrong dipstick. If you are constantly 
overfilling the crankcase, it will con- 
sume the excess oil at a rapid rate. 


Voiding the warranty 


I have a 1985 Mercedes-Benz 3005р. 
When I asked the dealer about per- 
forming more-frequent oil changes, I 
was told, “Just follow the factory di- 
rections.” The car is used on short 
runs, so I inquired about installing a 
pre-pressurized oil system and was 
warned that I could void the warranty. 
How can I add this equipment with- 
out voiding the warranty? 

W. B. Clanin, Whittier, Calif. 


I don't see any way you can make such 
a change without the risk of voiding 
the warranty. It's frustrating to see 
manufacturers delay making a sensi- 
ble and needed change in their prod- 
ucts. But I can also see how the maker 
of a product as complex as a car is re- 
luctant to let experimenting con- 
sumers—who may not be qualified to 
do the work —make changes and addi- 
tions to their cars. 


Got a car problem? Send it to “Say, Smokey—,'" POPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 
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Я bo al voe is built Aral With dies а y heroe no bas 
le Oa , diaphragms to replace or hit list break. : 
d ener hand blata your pool cleaner, УО “ge enm ig your p 
` Over ) pool owners, worldwide, rely on Kreepy Krauly for - 
ipd spardi ing aon pool day after ‘day, year after year. So can you. Call 
' l-8 )0-222-6841 for the Kreepy Krauly dealer nearest you and put the 
| cleaner with the world's best warranty to work for you today... 
en relax. See warranty for details. 


Find out more about the only automatic pool cleaner with a 
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The Sears Hang Fast disc han 


E 


By PHIL McCAFFERTY 

inally: adhesive wall hangers that 
f can in manv cases take the place 
of screws and nails. And unlike 
nails and screws, as well as most ad- 
hesive hanging devices, these hang- 
ers can be removed without damaging 
the wall. 

The technique Sears, Roebuck and 
Co. chose as the basis for its Hang 
Fast disc hanger svstem (model 80481) 
is simple but effective—hot-glue tech- 
nology. For about $13 you get a pistol- 
shaped electric applicator, which looks 
as if it has a miniature hot plate em- 
bedded in its nose, and four dish-shaped 
plastic mounting discs with glue on 
one side. Also available are utilitv and 
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wardrobe hooks ($2 per pair), which 
can be slipped over the flanges of the 
discs. Additional mounting discs cost 
about 20¢ each. 

To use the system you heat the gun 
for five minutes (a red light shows it’s 
on) and place a mounting disc over the 
heating element with the glue side 
out. In several seconds the 360-degree- 
F heat causes ridges on the surface of 
the glue to disappear, indicating that 
the adhesive is soft and ready for at- 
tachment. Position the disc squarely 
on the wall surface, and apply pres- 
sure for a few seconds. Remove the 
gun, and allow the disc to cool for at 
least 15 minutes before using. Don't 
move the heated disc once it is placed 
on the surface; this weakens the bond. 


Also, I found that the surface must 
be clean to get maximum bonding of 
the glue. 

An unadorned mounting disc is used 
to hang pictures and other items that 
have wire or string backings. More 
than one disc can be used to increase 
hanging capacity. The J-shape ward- 
robe hooks and utility hooks slip over 
the discs’ flanges for hanging clothes, 
tools, kitchen utensils, and so forth. 

To remove a disc, attach the wire 
disc remover to the applicator, plug in 
the gun for five minutes, and hold the 
heating element against the disc until 
the glue melts. Compress the gun's 
wire disc-remover tongs to grab the 
disc's flange and pull the disc from the 
surface. Discard the non-reusable disc. 
Wipe away any glue residue immedi- 


ately, dissolving it with mineral spir- 


its on a cloth. The attachment point 
should be indistinguishable from the 
remainder of the surface. Because the 
mineral spirits may discolor some sur- 
faces, I found it a good idea to test 
an inconspicuous location first. 

The mounting discs stick best on ce- 
ramic tile—up to 20 pounds’ hanging 
capacity at room temperature—and 
least well on painted or wallpapered 
walls—up to five pounds. I tried the 
Hang Fast system on these surfaces, 
as well as materials such as plastic, 
glass, plastic laminate, paneling, cab- 
inets, even fiberglass tub enclosures. 
It worked on them all. Sears supplies 
a list of maximum hanging weights 
for various surfaces, with well-written 
instructions. 


Hanger hang-ups 


Some pointers regarding particular 
wall surfaces: The adhesion of wall- 
paper or paint to the wall limits the 
capacity of mounting discs used on 
these surfaces—it must be sound. Also, 
newly painted or stained surfaces must 
be allowed to cure for no less than five 
days before applying the discs. Use 
two discs directly side by side when 
hanging loads over five pounds on 
painted or papered surfaces. 

Slipping a hook over a disc reduces 
its weight-holding capacity by half or 
more, depending on the surface, be- 
cause it increases the pulling force on 
the disc perpendicular to the surface. 
(The glue adheres more strongly to a 
force parallel to the wall surface; less 
strongly to one perpendicular to the 
surface.) Sears recommends a three- 
to five-pound limit for hanging objects 
on hooks, again depending on the sur- 
face. Another related point concerns 
objects hung by string or wire on the 
discs that pull out and away from the 
wall to some extent. This arrangement 
cuts a disc's carrying capacity in the 
same way a hook does. 


The Difference 
Between Cutting A Line 
And Mastering It. 


Power, smooth operation and un- 
erring accuracy. That's the mastery 
Bosch jig saws give you, right down 
the line. 

Power? Our top-of-the-line 1581/ 
1581 VS top-handle and 1582/1582VS 
barrel-grip jig saws give you 4.8 
amps worth. Yet their superb bal- 


DIORA Kober Bosch Dower heil (an jiri jî ЕЙ 


ance and low center of gravity make 
all that power a breeze to handle. 
Bosch dynamic counter-balancing 
coupled with precision engineering 
give you a vibration-free, smooth- 
cutting jig saw. 
And with a choice of 3 orbital 

actions, in addition to straight recip- 


rocating, you can match the blade 
action to the material you're cutting. 


Exclusive 
Bosch Blade System. 


To keep the blade tracking flaw- 
lessly, the exclusive Bosch bayonet 
locking system stabilizes the blade 
under all синон conditions — great- 
| ly reduces the 

chance of break- 
ing a blade, too. 
And the hard- 
ened alloy steel 
roller guide 
addse even more blade support just 
behind the cutting point. 

Plus, our 3-position exhaust air 
deflector keeps your cutline clear. 


More Productivity. 
With our accessory saw table, vou 
can mount a Bosch jig saw for sta- 
tionary applications. Use the circle 
cutting guide, rip fence and parallel 
guide for circle and finished edge 
cutting. Or mount a blade lubri- 
cator for efficient metal cutting and 
longer blade life. 

And Bosch offers you a tremen- 
dous range of blades for just about 
any Jig saw application, whether 
you're cutting hard or soft wood, 
plywood, composition board, plas- 
tics, mild or alloy steel, aluminum 
or other non-ferrous metals. Our 
blades, too, are engineered for 
durability and long-life operation. 

So the next time you've got a line 
to cut, master it instead — with a 
Bosch 1581/1581VS top-handle or 
1582/1582VS barrel-grip jig saw. 
Phone or stop in at your nearest 
Bosch Distributor today. Hes listed 
in the Yellow Pages under *Tools— 
Electric’: 
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BOSCH 


"Quality You Can Hold On То” 
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Low-slung Chrysler TC by Maserati is 
a two-seater that let’s you ride with the 


By HERBERT SHULDINER 


SAN Remo, ITALY 

| Mill the real Chrysler TC by 

W^ please step forward? 

That was the thought that 

came into my mind after spending 

nearly a full day driving two versions 

of this new luxury two-seater on ser- 

pentine roads overlooking the Medi- 

terranean and Gold Coast beaches of 
the French Riviera. 

What caused my confusion? Chry- 
sler Corp. plans to offer the convertible 
in two flavors: For the performance ad- 
dict, there's a Maserati-built 16-valve 
four-cylinder engine mated to a five- 
speed Getrag manual transmission. 
For the more sedate driver, there's a 
turbocharged Chrysler two-valve-per- 
cylinder four with a three-speed au- 
tomatic transmission. Performance 
ranges from a restrained ride with the 
latter to a spirited, even exciting, ride 
with the former. | 

According to Tony Bowen, chief of 
vehicle development for Chrysler Ital- 
ian Imports, 0-to-60-mph acceleration 
for the TC with automatic transmis- 
sion is 11.1 seconds. "That's about a 
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top down or up—or with a hardtop. It 
comes equipped with anti-lock brakes. 


half-second slower than what we'd 
hoped for," Bowen says. “But the cars 
built up to the time of the press pre- 
view are a little heavier than projected 
weight. The TC press kit says 3,085 
pounds, but the actual weight is more 
like 3,200 pounds, and we won't get 
the official weight until we build pro- 
duction cars." 

With the 16-valve model, the 0-to- 
60-mph time is about three seconds 
faster—in the low eights. These 
numbers are not surprising when you 
examine the engine-performance 
specs. The Turbo II supplied by 
Chrysler for the TC is the same 2.2- 
liter turbocharged engine with inter- 
cooler that's used in the Dodge Day- 
tona. It's detuned to 160 horsepower 
for use in the TC because Chrysler 
fears the standard Turbo II may pro- 
duce too much torque for the three- 
speed automatic transaxle. Chrysler 
engineer William Doolittle says the 
company decided to be conservative 
rather than risk problems with the au- 
tomatic's final drive and clutches. Doo- 
little says the engine is detuned by 
changing the calibration chip in the 
engine-electronics module. “This alters 


the personality of the engine," he says. 
The chip prevents the engine from 
going beyond certain torque levels that 
are beyond the performance parame- 
ters for the automatic transaxle. In 
the Daytona, the conventional Turbo 
II produces 174 hp. But the Maserati 
16-valve engine that's teamed with the 
five-speed transmission produces 200 
hp at 5,500 rpm. 

Spiking the TC's accelerator in the 
model with the Chrysler engine pro- 
duces a somewhat pokey result— 
especially when climbing hills. Accel- 
eration with the multi-valve Maserati 
engine, however, is brisk and power- 
ful. There's no crawling up hills or hes- 
itation about passing cars on two-lane 
roads. 

The interior of the TC is a study in 
contrasts. A number of standard pieces 
of Chrysler hardware are used for the 
door handles and stalk controls on the 
steering wheel. These items don't seem 
to be the luxury touches you'd expect 
in a car of this class. Stalk controls, 
for example, don't click into place 
with the sureness and precision you'd 
find in a European luxury car. There 
are comfortable leather seats and 
other opulent touches like a leather- 
wrapped steering wheel. However, the 
instrument panel is no more impres- 
sive than one you might find in a car 
costing one-third the price of the TC. 
Chrysler says the TC will come com- 
pletely equipped for about $30,000. A 
molded snap-in-place hardtop is also 
included for that price. In fact, there 
are no extra cost options. 

Bowen says the TC is a collabora- 
tion between Chrysler and Maserati. 
"Chrysler supplies about twenty-five | 
percent of the parts in the TC,” he 
says. “Maserati supplies the other 
seventy-five percent of the car in parts 
and labor.” There’s much more hand 
labor in the TC than in cars built in 
the United States, Bowen claims. 
There are no robots in Maserati’s 
Innocenti plant near Milan, Italy—the 
same factory that produces the Ferrari 
Testarossa. 

What will the TC compete against? 
Chrysler claims its first two-seater 
doesn't compete with the Cadillac 
Allanté or the Buick Reatta—the 
Allanté is about $17,000 more expen- 
sive and the Reatta is about $15,000 
less expensive. In fact, the company 
claims there are no direct competitors. 
For a test report on sporty two-seaters 
see "Luxury Coupes: $24,000 a Seat" 
in the April issue. 

Chrysler plans to import 4,500 TCs 
in the first year—80 percent with au- 
tomatic transmissions and 20 percent 
with five-speed manuals. The new two- 
seater will start showing up in Cali- 
fornia showrooms this month. 
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KETOTI DELUXE ETR AM/FM 
STEREO! CASSETTE. 

Seek and local/distance switch. 18 
FM/6 AM station memory. LED 
clock and readout. 


16990 


С54000 AM/FM 
STEREO/CASSETTE. 
Electronic tuning. Auto reverse. 
LED readout and clock. 8-station 
preset. Seek. 
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С52000 АМ/ЕМ 
STEREO/CASSETTE. 
Electronic tuning, LED readout 
and clock. Seek. 8-station preset. 
Auto-stop. 


"99oo 


SR300 AM/FM 
STEREO/CASSETTE. 

Compact unit with fast forward, 
and eject switch, stereo indicator. 
For many cars, light trucks. 


nir 100 


== () PIONEER | 15.00 Rebate 


TS-6930 DUAL- Whistler 


CONE SPEAKERS. | 
6" x 9" rear deck-mount. SPECTRUM 1 HIGH-PERFORMANCE RADAR 
120-watt output. DETECTOR. 
Designed to mount on dash or visor. Digital display. 
SALE | Filter mode 


13490 


54?/ pair 


i PRICE 
ico VO | AFTER 

| VOLUME | REBATE? 

SPEAKERS. | N | E | — a za 

4" door-mount. ie | POWER FILTER " ш 

60-watt output. "тиле 


TS1011 DUAL-CONE 


2477 $ 


(0 PIONEER 


JENSEN 


JFX140 DUAL- | | l + 
CONE SPEAKERS. | WH-400 QUADRADYNE W/histler uci 
4" For high-fidelity | | RADAR DETECTOR. | 

stereo sound. | Compact. Six-segment LED visual 


warning. City/highway switch. 
A49 Variable volume control. 


Radar detectors not available in CT or VA. 
27 


SPARKOMATIC 
SK692 DECK- 
I MOUNT SPEAKERS. 
6" x 9" coaxial. 100 
Walt system peak power 
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SPARKOMATIC 
SK63 DOOR- 
MOUNT SPEAKERS. | 
6” three-way. 120 watts 
of music power. 60 watts | 
of continuous power. 


2497 


KRACO MAYDAY 1 EMERGENCY CB RADIO OR 
COBRA C20 40-CHANNEL CB RADIO. 


YOUR CHOICE 
SALE 


SPARKOMATIC 


LC-269 COMPLETE 
AMPLIFIER SOUND 
SYSTEM. 

Loud and clear speaker system. 
6" x 9" coaxial speakers. 
100-watt amplifier. 


30-30 STEREO W/ITH SPEAKERS 
COMBINATION. 

30-30 AMIFM stereo cassette. Matched 
5" dual cone speakers. 50-watt. 
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30-35 STEREO W/ITH SPEAKERS 
COMBINATION. 

30-35 AMIFM stereo cassette. Electronic 
digital stereo. Scan and 6-station presets. 
5" dual cone speakers. 50-watt. 


COMBINATION. 

30-40 AM/FM stereo cassette. Electroni 
tuning. Seek/scan and 6-station presets 
5" dual cone speakers. 50-watt. 
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JPT 1802 PICK-UP 
TRUCK SPEAKERS. 
Matched, 150-watt 
speakers for pickups, 
vans, RVs, beach or home. 
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РС. ï 
Ratchet Socket Set iN 


Brani} 


22-PIECE SOCKET SET. 
1/4” and 3/8" drive socket set 
in metal case. Ideal for home 
or car. SAE or metric sizes. 


€ ———— 


ROLL-AROUND 
BATTERY STARTER! 
CHARGER. 

6/12 volt. 200 AMPs 
starting power. 


Style and mfr. may vary. 


4-PIECE MECHANICS' TOOL CHEST SET. 
Includes 6-drawer chest, 3-drawer cabinet, 3-drawer 
add-on chest, hang-on storage unit 


Only at K mart! 


SALE 
&-drawer chest. . 69.00 
3-drawer 
cabinet......86.00 
3-drawer add-on 
Chest ....... 39.00 
Hang-on storage 
unit ........55.00 
1 
i 1 


fa 


of. 


WET/DRY 
CANNISTER VAC. 
Designed for use in cars, 
campers, vans, boats 
12 volts. Includes 
attachments 
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SOLAR WINDOW FILM. 


20" x 10". Easy to apply. 
Blocks out sun rays. 


SALE 


BON-AIRE ' 


"HeDates subject to manufacturer 


Deluxe seat cover stretches 
for custom fit. Hi-tech styling 
Bucket or bench seat sizes 


—— — SALE 
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DELUXE SNACK | 

TRAY/CAR | 
CONSOLE. 

Molded in 

choice of | 

colors. ' 

| 

| 

| 

| 

| 

DELUXE 12-VOLT AIR COMPRESSOR. | 

225 psi. Pressure gauge. Emergency warning and flasher | 

lights. Model #LFB225 , 
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23.00 Sale Price Less 3.00 Mail-in Rebate* 
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DESIGNER PLUSH 
. SEAT COVER. 
EM Deluxe plush pile. For high- 
oe — — curiowsback.bucket seat. 
E Form fit for custom look. 


SALE 
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4-PIECE PLUSH/ 
RUBBER CARPETED 
MAT SET. 

Twin front and rear 
mats. 


SALE 


— um шеси 


Chrome. Detachable basket for easy cleaning. Choice | 
of 13-, 14- or 15-inch sizes. | 


“DURANGO SEAT 
Deluxe, WESTE SEVE 


bench or bucket seats. For 
minit or standard trucks. 


SALE 
9. 
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4-PIECE STANDARD 
CARPETED MAT SET. 


Twin front and rear mats. 
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Style and manufacturer may vary. 


DUAL SPORT BULLET 
MIRROR. 

Black replacement sport 
mirrors. Paintable, Model #390. 


| LIQUID W/AX, 16 FL. OZ. 
R14 ОВ PASTE WAX, 14 OZ. 


PROTECTANT, 
16 FL. OZ. 
Protects and beautifies. 


| 7 PRICE 
AFTER 
| REBATE" 


3.77 Sale Price less 1.00 Mail-In Rebate. 


"E WON —— PRESSURIZED PASTE WAX, 


6.97 PRICE AFTER REBATE: — 
9.97 Sale Price less 3.00 Mailn Rebate. —— 


turtle wax 


RUBBING 
COMPOUND OR 
WHITE POLISHING 
COMPOUND. 
Removes scratches, 


cleans and shines. 10.5 
oz. net wt. paste. 


ZIP WAX CAR WASH. 
Gives a long lasting shine 
while you wash your Car. 
Cleans cars, vans or home. 


YOUR CHOICE ET TT | | yin | | 64 fl. oz. economy size. 


22 7 


Westley's. 


ILICE wax T—- - т ' 
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turtie wax 


HYDROSYSTEM WASH 
AND WAX OR 
HYDROSYSTEM WAX. 
Attaches to garden hose. For a 


great Turtle Wax shine. 32 fl. oz. J 
BLECHE-WITE 


WHITEWALL CLEANER. 
32 fl. oz. economy size. 
With handy trigger pump. 


CHOICE = Лет ad 1 1?7 
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REBATE? 


5.00 Sale Price less 2.00 Mail-in Rebate. 


50¢ Rebate 


POW/ER STEERING OR | om / e^ E RAIN-X. ( 

BRAKE FLUID шү 7 fl. oz. The invisible 

12 fl. oz | windshield wiper for 
nate. | à better visibility. Rain beads 


L PRICE | ! i up and rolls off. 
4. 7 AFTER «У Rue 
| REBATE* | 


SALE 
97€ Each Sale Price less 504 Main i. ! y 2 э шад, 


[SEU a Alto 


PRIMER PAINT. Sa / "a | 
Fast-drying. Rh Lo j WIPER BLADE OR 
Choice of gray, A Yi fa. | REFILLS. 


red and black. b ills 
For car or shop. P RS pa One blade or two refills. For 


П oz. net wt. Bad B | many US. cars and light trucks. 


4. J PRICE 
AFTER 
| REBATE* 
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PRESSURE WASHER. B Голь UII GARAGE AND DRIVEWAY 
For home, trucks, vans, E SLAPS CLEANING KIT. 
RVs, boats, motorcycles, „7 en | Removes oil and cleans. Spray 
windows. 'Soft-Suds' " ^ne. on and wash off. 16 fl. oz. 
soap included. MW / | degreaser. 2.510. net wt. 

MA absorbent. 


2.00 Rebate | 


9 PRICE ۴ 7 29, 4 РКІСЕ 
AFTER " Г SATE, AFTER 


REBATE? REBATE? 


14.97 Sale Price less 5.00 Mail-in Rebate. || p X 3.47 Sale Price less 2.00 Mail-in Rebate. 
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Rondure,inc. KENCO 


SLIDING REAR TRUCK WINDOW. 
Clear glass window. Models to fit 
most pickups. 
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TRUCK BEDLINERS | 
INSTALLED? 
Molded over-the-rail design for Fordi 
GMC/Chevy/Dodge full size, Ford | 
Ranger and Chevy 5-10 short bed | 
trucks. Includes tailgate protector. 

| 


INSTALLED 
SPECIAL ORDER LINERS. . . SALE 189.00 4 


“Installation available at no additional 
charge in stores with service only. 


TRUCK TOOL BOX. 
High-impact plastic box with i 
hinged lid and six- | | 
compartment lift-out tray. For 
many trucks, Also available in 
metal. Tools not included. 


Deflecta-Shield 


DE-BUG SHIELD. 
48" or 52" clear bug shield for many 
pick-ups and vans. [Not shown.) 


Mounting Brackets sold separately 


19?7 


` SMOKE, RED OR BLUE SALE 24.97 


Rubber : 


TRUCK BED MATS. 
Custom fit heavy-duty rubber 
sizes to fit many trucks. 


SALE 


00 


e.» SALE 19.00 


| | TRUCK MUD GUARDS. 
CUT-TO-FIT RUNNING BOARDS. : i Heavy-duty rubberized 
(Wheel to Wheel) 68" or 85" | vinyl. With pre-punched 
extruded running boards for most i mounting holes. Stvle 
piċkups and vans. | choice. 


96" RUNNING BOARD ....SALE 79.97 
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Desert Fox 


OFF-ROAD LIGHTS. 
6" round or 9" rectangular. ТОО watts, Chrome. 
Heavy-duty quartz halogen truck lights. 


997 i 


LIGHT СОМЕК$............... ‚ » SALE 3.97 


| 


SALE HEAVY-DUTY FENDER KIT. 


87 For many trailers. Includes two 
| fenders. 


TWO-TON HYDRAULIC 
FLOOR JACK. 
Compact heavy-duty construction. 
One-piece handle, #41-07. 


= = 


Hydraulic jack with handle for cars, 
light trucks and campers. 


FOUR-TON JACK ...... SALE 10.97 
SIX-TON JACK .,...... SALE 14.97 


. Style and manufacturer may vary. 


O 


nly at K mart! f 


E 
$ 


le, ' ' 
= А GA 
>" E oll 
iva. y a Р." Е = kJ 
TW/O-TON BOTTLE JACK SALE 
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HEAVY-DUTY TRAILER KIT. 
1060-10, capacity. Includes tires, 
light and coupler wiring. For 
hauling or yardwork. Assembly 
required. Available in | 
most stores 


"1597 


= B 
| 3.00 Rebate 


YOUR CHOICE 


8) B PRICE 
AFTER | 
REBATE* | 


ONE-TOUCH GASKETS. 
Silicone gasket in 3.2-fl. oz. 


can with adjustable dispenser. amem = 
Durkee-Attwood Original 


Equipment V-Belts available 
in most stores. 


4.97 Sale Price less 
3,00 Mail-in Rebate" 


DELUXE 

HARDSHELL 

CAR TOP 

CARRIER. 

Aerodynamic 

Ades IB-cubic ft. capacity. 28" x 15" x 24" Fits most cars. 
odel #965, Style may vary. 

FOLDING AUTO BIKE CARRIER MODEL 129 


MAILIN OFFER 


Get 19.97 back when you purchase 
any 4 Gas-Matic units, or 23.97 when 
you purchase 4 Gas-Magnum Shocks 
Details in Store 


4 047 


EACH INSTALLED 


SUPER STRUTS. 
Fronts for many U.S. cars. Alignment | 
recommended on many cars with 

strut replacement. 


GM ARX CARS ................ SALE 54,47 
LUE EXCORTILXNX ta ii kai crc SALE WR 
V ‘Gas-matic struts — $10 more per side. 


MONRO-MATIC* 
SHOCK. 
Heavy-duty original 
equipment replacement 
shock. For many US 
cars. Carry out each. 


MONRO-MATIC PLUS™ SHOCK. 
Heavy-duty gas-charged shocks for many 
US. and import cars. Carry out each. 


SALE 


GAS-MATIC* 
SHOCK. 

The ultimate in riding 
comfort. Gas-charged 
Sizes for many US. 
and import cars. 


Carry out each. GAS-MAGNUM® SHOCK. 


For light-duty trucks. Popular sizes 
for many pickups, vans and RVs. 
Carry out each. 


BUY FOUR. 
Get purchase price | 
of one back by mail. 
Details in Store. 


The most powerful family of marine batteries in the world! 


VOYAGER STARTING BATTERY. VOYAGER STARTING/TROLLING BATTERY. — 
Enough power to start gas engines with a full 620 520 MCAs for reliable starts and reserve power for fish 
MCAs, reserve capacity for lights, radios, bilge pumps, finders, trolling motors, other accessories. Totally — 
etc. Extra-long storage life. Model #KC24MF sealed; never needs maintenance. Model #KM24MF. 


MODEL #KM27MF WITH 720 MCAs аж на а-а Г, А д =, Paes j 


MOTORCYCLE 
BATTERY. 
Dry-charged battery 
with acid. Sizes for 
many cycles. 


| GARDEN TRACTOR 

BATTERIES. | 
For garden tractors and | 
snowmobiles. Up to 
190 CCAs for sure 
starting. 


| GARDEN TRACTOR AND 
SNOWMOBILE BATTERY 


Mfr. may vary. 
Mfr. may vary. 


MOTORVATOR 650 
BATTERY. 


With 650 CCAs, our most 
powerful car battery for 
reliable starting every time 
you need it. Sizes for many 
US. and import cars and 
light trucks. 


SALE 
WITH 
EXCHANGE 


Starters and 
alternators 
available for 
many Cars. 


Mfr. may vary. 


MOTORVATOR TRUCK/VAN 
BATTERY. 

Rugged responsive 

power for light 

trucks, vans and 

4x 4's. Up to 580 

CCAs for extra 

reserve capacity. 


A97 


WITH 
EXCHANGE 


Mfr. may vary. 


Layaway 


BE Be Se a Е tS A GI 


Neico Remy) 
MOTORVATOR 50 
BATTERY. 

Up to 450 CCAs for 
ample starting power 
Sizes for many US. and 
Import cars. 


367? 


W/ITH 
EXCHANGE 


“Warranty details in store. 
Installation available in stores with service 


TOMO; = FU 
O-M Or r^ ба h Warranty” 
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MADE IN THE 


I^. Promise | 
Service * Value 
Satisfaction 


thats Dur promise 


auto center 


OLYMPIAN XT 


| 
STEEL-BELTED RADIAL. | 
Our best steel belted radial. Superb | 
traction and handling characteristics. | 


| Piu 55,000-Mile Warranty* 


e No trade-in required. 

e Fast, free mounting. 

e Free rotation. 

* Road hazard warranty available. 


P155/80R13 


3497 


| SIZE | PRICE | 
3597 | 
| PIZ5/80RI3 | 38.97 | 
| PIBS/8ORI3 | 40.97 | 


P205/75R15 


LIGHT TRUCK RADIALS. 
All-season, all-surface tread 
desian with raised white 
outline letters on popular sizes. 


| TRAILER TIRE 
& WHEEL 

j ASSEMBLY. 
1 Available in popular 


sizes; four and five 49.97 
lug configurations. 
[P235/75RIS RWOL [59.97 
LT235/75R15 BW* — |74.97 — 
IIN |750R16BW* — 76.97 | 
570x8 4HOL 127.66 |480х8 4HOL ELE ПЕН ERES — 18897 || 
0x12 4HOL |29.91 |480x8 SHOL |2 


By WILLIAM J. HAWKINS 


Electronics Newsfront - 


Uz View scene “мемайа: Picnic at Frenz Lake 
S= Scene: Coco wants a burger 
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| Confessions of a video junkie 


| quested by storing your selections in | 


“I love music videos," says Mark Hahn. | 


“Гуе recorded hundreds of them, and 
that's what started all this." 

Hahns library grew to be so exten- 
sive, he told me, that he needed a com- 
puter to keep track of things. So he 


built one. But besides locating Lauper | 


| or tuning in Tiffany, the computer 


taught Hahn how it could be used to 
control a VCR. The result, nearly two 
years later, is a video-editing system 
with smarts, called DirectED. 

Use your camcorder to make home 
movies, then play a copy of them 


through DirectED. As you watch the | 


tape, you use a remote control (in- 


cluded with DirectED) to mark and | 


label specific scenes, like “Laura’s 
Birthday" Also, wherever you wish, 


add special effects, such as wipes be- | 


tween scenes or graphics and text. 
While you work, menus—lists of 
options—appear on the screen with 
your video (see photo above), and the 
computer remembers all you've re- 


its 256-kilobyte memory. 


Blow out the candles before open- 
ing the gifts? Easy. Using the remote 
control and watching the menus on 
the screen, I changed the original 
order of my home-movie scenes that 

PHOTOS BY GREG SHARKO 
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Call home with the NTT phone card— 


or trade it for cash and go visit. 


| Edit from your easy chair: Videonics editor is remotely controlled. Add-on turns editor into video jukebox (inset). 


DirectED had listed on the screen for 
me. Then, for a more professional | 
touch, I added a fade-in at the begin- | 
ning of the segment, a graphic birth- - 
day cake (drawn by DirectED), a wipe 
between scenes, and a fade-out at the | 
end. Nothing, ahem, Cecil B. De Mille 
couldnt have done. 

When I was through, DirectED 
saved the scene names and locations 
on a video cassette for future refer- 
ence. Then it went to work assembling 
a final production. To do it, the clever 
box controls the recording by mimick- 
ing the infrared commands normally | 
given to the VCR from its remote con- 


| trol. When DirectED needs some hu- 


man help—to change tapes for ex- 
ample—it uses the TV monitor to 
show you what to do. 

The 10-minute editing job I gave Di- | 
rectED proved the box to be one of the 
most sophisticated home editors Гуе | 


| seen. It offers help screens and even 


tells you how to label video cassettes 
so scenes in your library can be found 
easily later. And if you're a music- 
video buff like Hahn, theres an $80 
add-on called CollectED that turns 

Continued 
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DODGE RAM IO0. 


IF YOU'RE LOOKING FOR THE BEST FULL- TRUCK WARRANTY, STANDARD FEATURES 

SIZE PICKUP VALUE ANYWHERE, WITH FORD AND CHEVY CHARGE EXTRA FOR ' 
NEW ELECTRONIC FUEL INJECTION, LIKE WIDE BODY SIDE MOLDINGS, FULL 
A 1,410 LB. PAYLOAD, AMERICA'S BEST CARPETING AND TINTED GLASS, A LOW 


$8,853 PRICE TAG? AND ENOUGH SOLID 


IT$ 
VALUE TO SMOKE A COMPARABLE FORD GOT 
7.150 BY $1,482," STOP SEARCHING... IT'S DOD NN A 
| Xe c 


JOTTA BEA DODGE RAM 100. (Z270 DIVISION OF CHRYSLER MOTORS 


'Comparabiv equipped list price comparisons. **See 7/70 powertrain and 7/100 outer body rust-through limited warranty at dealer. 
Restrictions apply. TBase list price excludes taxes & destination charge. BUCKLE UP FOR SAFETY 


your system into a video jukebox (see 
inset). 

Made by Videonics (1129 Dell Ave., 
Campbell, Calif. 95008-6611), Di- 
rectED is $499. 


Super Super-VHS 


| While Super-VHS VCRs can reproduce 
| about 410 lines of horizontal resolu- 
tion, NEC Home Electronics points out 
that the machines reproduce video 
noise equally as well as picture infor- 
mation; so the company's new 
DS8000U S-VHS home recorder con- 
tains digital filtering on both the 
luminance (picture) and chrominance 
(color) signals. The result I saw re- 
cently in a New York demonstration 
was impressive. The slight picture 
noise visible from an S-VHS record- 
ing seemed to be completely elimi- 
nated when the filter was switched on. 
The new machine will be available 
this month for $1,499. 


But no bubble gum? 


| Japan's Nippon Telegraph & Tele- 
phone had a great idea: design a pub- 


The beauty of 


Thompsons” Wood Protector has a 
unique way of keeping your house beau- 
tiful, no matter how ugly the weather. 

In fact, that unique way is really three 
ways. Thompsons protects against mold 
and mildew, water damage, and helps 
prevent fading and greying. Whats more, 
Thompsons crystal clear waterproofing 
protection even gets better with age. 
With just one coat, your wood can have 
alonger life expectancy than you 
ever expected. 


Electronics Newsfront connue 


lic phone to accept special credit cards - 


Thompson's Wood Protector 4171 
is the way it protects AUT 
the beauty of wood. = 


that the company could sell. The idea 
| worked, maybe too well, because while 
NTT is selling the cards, not all are 
being put to use. How could that be? 

"Companies bought them as promo- 
tional items," says Jim Reilly, an NTT 
spokesman. "They put their logo or 
| some picture on the front and gave the 
cards away." But then something hap- 
pened that only an avid baseball-card 
collector could understand: “People 
began saving them," says Reilly. "Now 
they're sold or traded in Japan as col- 
lectors' items." 

The card shown on the previous 
page is worth 50 phone-call credits or, 
if I hold out, about $100, according to 
Reilly. That's nice... but anybody got 
an upside-down Fujiyama? 


Record-breaking chips 
Matsushita Electric Industrial Co., 
Ltd., has developed a 16-megabit dy- 
| namic random-access memory 
| (DRAM) that uses the world's small- 
est cell size: 3.3 square microns. What 
does that mean? The small size lets 
16 million bits of data be packed in a 
| standard integrated-circuit package 
for use in a variety of ways: a tapeless 


tape recorder that holds 10 minutes 
of audio, an electronic still camera 
that holds 10 pictures, or even a fu- | 
ture supercomputer that you carry 
under your arm. 

If you prefer speed over size, then 
IBM Corp. has the chip for you. The 
company’s experimental DRAM can | 
find a bit of information in 20 bil- 
lionths of a second, three times faster | | 
than previous DRAMs. And its exper- | 
imental static RAM retrieves data |- 
in 11 billionths of a second. | 


DAT copy protection defeated 
The National Bureau of Standards has 
completed its test of the copy-protec- 
tion system created for DATs. Result: 
| "The NBS determined that you can 
hear the difference in music when the 
notch is used, that the notch could be 
easily defeated, and the system isn't 
reliable," says Len Feldman, techni- 
cal consultant to the Electronic Indus- 
tries Association and the Home Re- 
cording Rights Coalition— and writer 
for POPULAR SCIENCE. Hopefully, this 
means DATs will soon be sold in the 
United States without the copy-protec- 
tion circuit. ғ В 


Powerful water- 
proofers to 
protect against 
spiring, crack- 
ing and rofting. 


Protective sun- 
screens to help 
prevent fading 
and greying. 


Strong mildicides 
to protect | 
against mold and а, * 

mildew. | 


Advertisement 


Save Gas, Save Engine with ‘POLY’ 


GUARANTEED LOWEST PRICE (SEE DETAILS BELOW) 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO I KNOW THIS ISN'T A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest” magazine (March/April 1982, 
p. 35) states “Slick 50 does reduce en- 
gine heat and ordinary wear, and our 
informal tests indicate that it will im- 
prove gas mileage by about two or 
three miles pergallon.... Slick 50 does 
exactly what Petrolon claims it does.” 
Researchers at a nationally respected 
research laboratory. after applying 
a powerful ultrasonic cleaning pro- 
cess to a Slick 50 treated engine part, 
were surprised at its permanence. They 
stated, We actually expected the Petro- 
Lon Slick 50 TFE Resin coating to also 
be removed, but later found it was still 
there.” 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. #33.49). An FAA test simulating 
1400 hours of engine use showed 
almost zero engine wear! 

TUV, a German testing laboratory 
with credentials every bit as presti- 
gious as our Underwriters Laboratories, 
tested Slick 50 in 1986. They found 
substantial increases in both gas mile- 
age and horsepower. Their tests showed 
that these gains were due to a reduc- 
tion in friction. 

Atest doneat the San Diego State 
University revealed that, "Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
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vaniaand shown on television station 
WTVE. Three cars with between 75,000 
and 129,000 mileson them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
lor about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. 
HOW DO YOU TREAT AN EN- 
GINE? Very simply.Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 


. drivefor30 minutes, and leave it in the 


crankcase for 3,000 miles. Add two 
quarts for engines with oil capacities 
of seven quarts or more. 

Slick 50 gives a permanent coat- 
ingsoyou need totreat only once, not 
each time you change oil. Slick 50 is 
also excellent for turbocharged engines, 
aluminum block engines and rotary 
engines. 

WILLIT WORK WITHMOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 
Slick 50 does all of the following: it 
increases gas mileage. It increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 


in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gasis poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and guides is very valu- 
able. Last, but not least, the drastic 
reduction in engine wear can delay 
costly overhauls which can in fact 
cost well over $1,000. Slick 50 elimi- 
nates the "lubrication starvation" that 
all cars experience when first started 
before the oil has a chance to circu- 
late. Up to 90% of the wear on acarcan 
be caused by this lubrication starva- 
tion. You receive all of these benefits 
for less than the cost of two tanks 
of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINE OR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc.), 2-Cycle Engine 
Treatment, Grease, Fuel Conditioner, 
and Fabric Protector. Free information 
is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is "too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
or send to: FORT MORGAN SLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

GUARANTEED LOWEST PRICE! 
If at time of purchase you have seen 
Slick 50 advertised in a current maga- 
zine at a lower price, we will beat that 
price by $2.00 per quart. 


О L enclose $39.954-84.00 shipping & hand. 
LJ I want 2 or more (free shipping & hand.) 
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| ture, rather than merely catch- 


| Star Trek style, and their 


By DAN McCOSH Detroit Editor 


with Timothy O. Bakke and David Scott 


AUTO TECH '88 


Our 1988 special section on automotive technology brings together many new developments 
with peeks into the future. A few of the highlights: Slingshot, a radically new concept car 
from Chrysler; concept cars from Ford and Cadillac; a 32-valve high-output engine; a new 
computer-controlled automatic transmission; a V10 engine; a status report on active suspension. 


Car née motorcycle? 


Show-car fantasy at its best 
crystallizes trends and ideas 
that lead to real cars in the fu- 


ing the eye. One of the most 
significant exercises in several 
years for Chrysler Corp.'s Ply- 
mouth Division is the radical 
new Slingshot, which points 
to an important direction for 
Chrysler beyond the weird 
cars immediate shock value. 

At first glance, the Slingshot 
looks as if a race car and a mo- 
torcycle had been beamed up, 


wavelengths mixed en route. 
Students at California's Art 
Center College of Design in Pasadena 
helped concoct this two-seater under 
the direction of Chrysler's design staff, 
and Chrysler's directive to the team 
was to build the "car you would re- 
ally like to own." Motorcycle enthusi- 
asm played a significant role in the 


| final result. Close-fitting flexible fend- 


ers accentuate the cycle effect, as does 
the adjustable trailing arm support- 


| ing the rear axle assembly. 


The Slingshot is fully drivable, but 
making the car a workable vehicle 
took some doing. The fixed seats re- 
quire a movable instrument panel, 
steering wheel, and pedal cluster that 
slots under the cowl, sliding out for 
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Slingshot (top) combines motorcycle and automo- 
tive technology. Inside, the instrument panel moves 
instead of seats; seats rise to get you out of the car. 


adjustment like bread coming out of | 


a horizontal toaster. The forward- 
tilting canopy is accompanied by ele- 
vating seats to aid crawling over the 
high sill. A foam nose and the high 
sides provide crash protection. The en- 
gine in the drivable prototype is an 
experimental Lotus-modified 16-valve 
turbocharged version of Chrysler's fa- 


miliar 2.2-liter four working through | 
| a six-speed motorcycle-style gearbox 


with a ratcheting shifter. The drive 
train, body, and suspension pieces are 
designed as *modules," which can be 
manufactured independently and sim- 
ply bolted together for assembly. 
The radical-looking Slingshot is one 


of a series of internal projects, 
including those with code 
names like Hotshot and Slap- 
shot, that Chrysler has been 
working on aimed directly at 
the youth market—the kind. 
of low-cost car that has been 
virtually abandoned by domes- 
tic manufacturers in recent 
years. Most of these projects | 
have carried a sporting theme, 
including some with off-road | 
capability. 

The simplified tublike basic 
structure of these design exer- | 
cises lends itself to molding out 
of modern composites, a tech- 
nique that could ultimately 
yield a durable low-cost car. 
Although there are several 
cars with composite bodies on the mar- 
ket today, the use of high-cost struc- 


al 


| tural-steel substructures keeps their 


costs high. In the past few years 
Chrysler has tried, so far unsuccess- 
fully, to develop a low-cost process 
—most recently a project code-named | 
Genesis, which was originally in- | 
tended to produce a low-priced car to 
challenge General Motors’ Saturn line. 

Improvement in both materials and 
manufacturing techniques are still 
being sought, however, and Chrysler 
today is rumored to be working on a 
new 80-inch-wheelbase minicar in- 
spired by the short fat Nissan BE-1. 


Continued 


Yamaha Јетарго owners 
. find happiness right in their 
own backyard. 


^ JOHN: “When we're done mowing the back, we just- To paraphrase an old saying, 
ph СОИ “It takes a heap of mowing to make a 
UL Гаа house a home’ 
^ John E i B —Alsoa heap of spraying. And haul- 
TL IL ing. And who knows what all. 
HB —. To handle such tasks, insist the 
mwa folks pictured here, you need 
the Yamaha Terrapro. The first ATV 
designed to do all of the above, 
when it's not busy taking you hunting, 
fishing or camping. 
M For example, you can attach a 
c» A "— M 19 99* Yamaha finish-cut mower to the rear- 
eee ЕИ mounted PTO (Power Take Off hook: 
A eee ites 9 Up for a magnificently manicured lawn. 
Bux fke i ir the creek and have some un i You can use our rough-cut mower 
de Hors ШШ to whack away weeds and brush. Or 
gee а Yamaha sprayer to deliver fertilizers* 
and other liquid assets quickly and 
efficiently. oS at 
All the . | 
while sitting | 
in solid 
comfort on 
a machine 
that's more 
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: ableand When the Terrapro’s not working, 
trees. Whereas anything larger needs alot more. easy toop- ы it's playing. 
room. And.I «dn go all day Without ui hrid. erate than any riding mower or tractor 
E mee After your Terrapros done a 
C á | good days work, you're free to use its 

tough 348cc, 4-stroke engine and 
high- traction, high- flotation tires to 
take you where the fun is. 

But first you need to find out where 
your dealer is. And to do that, you need 
to call 1-800-331-6060, ext. 675. 


YAMAHA 


We make the difference: 


180 day limited warranty. Warranty terms are limited. See your Yamaha dealer for details. Dress p Du» your ride with a helmet, eye protection, long sleeved shirt, long trousers, gloves and boots. Designed 

for ff raw, operator use only. This product is to be used by one penon vp Yamaha and the Specialty Vehicle pie ga $ America encourage you to ride safely and respect fellow riders and the environment. For 
fu information regarding the SVIA rider course, pe call 1-800-447-4700. Do not drink and drive. It 15 illegal and dangerous. *Warning: Use of certain chemicals may cause injury and property damage. 
Read sprayer owner's manual and follow chemical label directions. 
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The long Voyage 


The scramble to develop a successful 


| technique for producing low-volume 


specialty cars has General Motors 


| Corp.'s Cadillac Division seriously con- 
| sidering manufacturing the Voyage 


concept car it unveiled on this spring’s 


| auto-show circuit. 


The Voyáge is a second-generation 


| effort by GM's design staff to develop 


a stylish alternative to today's luxury 


| cars. The interior, designed by the GM 
| Advanced Concept Center, California, 


and incorporating such features as a 


20-way electro-pneumatically adjust- | 


able seat, was salvaged from an ear- 
lier concept car and packaged in a 
long low exterior. It uses such ad- 
vanced technology as a glass roof that 
extends from the windshield over the 
passengers and incorporates a trans- 


| parent liquid-crystal screen that dark- 


ens on demand. 

Officially, Cadillac insists that the 
car is not intended to be powered by a 
V12 engine. As displayed, the Voyáge 
uses a high-output version of Cadil- 
lac’s own 4.5-liter aluminum V8, 
which makes about 275 horsepower. 
But insiders say Cadillac is now at- 
tempting to negotiate a deal with 
GM's British subsidiary Lotus Cars 
Ltd. to design and build a prototype 
V12, and the car's engine compart- 


ment was deliberately sized to take | 


the engine. 


Future Ford 


The Design Center team at Ford 


Motor Co. hasn't been idle, either. The | 


team's attempt at combining sculp- 


of drag, the Lincoln Machete displays 
fluid lines. Inside there's a wraparound 
instrument panel, and the center con- 
sole moves with the driver's seat. 
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With an approximated 0.25 coefficient 


| driver sits behind a mold- 


tural aerodynamic design 
with luxury, the Lincoln 
Machete, is shown below. 
The car has an all-glass 
roof similar to the Cadil- 
lac Voyáge's, and it uses 
what's called Thin Film 
Lighting in the head and 
taillights, reducing com- 
ponent size by half. Side 
mirrors are replaced by 
tiny rear-vision TV camer- 
as, which show images on 
two screens in front of 
the driver through fiber- 
optic transmission. The 


ed wraparound control 
center. 


Doubled-up Quad 


Oldsmobile’s work with 
the ultra-efficient Quad 4 
2.3-liter four-cylinder en- 
gine, which is now powering a hand- 
ful of GM products, laid the ground- 
work for future engines that share 
some of the same technology. A mock- 
up of a V8 engine based on the Quad 
4 cylinder heads surfaced late last 
year; and while approval to manufac- 
ture the engine may be a year or so 
away, it represents one line of devel- 
opment for GM V8s of the future. 
The Quad 8 shares the dual-overhead- 
cam 16-valve cylinder heads developed 
for the Quad 4, with the high-energy 
ignition system that uses short bus- 
bars to the spark plugs rather than ig- 
nition wires. Producing about 300 hp 
out of a scant 4.6 liters, the new en- 
gine exceeds the output of current 


Quad 4's big brother, the 4.6-liter 32- 
valve Olds Quad 8 engine, is rated at 
300 hp and 320 Ib.-ft. of torque. 


GM V8s and promises considerable 
fuel-efficiency improvements. 

The principal drawback to the con- 
cept is the overall height of the en- 
gine, which is taller than is usual 
because of the twin-cam setup. That 
height limits the Quad 8’s use in to- 
day's long, low styling efforts. 


GM's active Sierra 


Most of the development work on the | 
Lotus active suspension system, which | 
uses computer-controlled hydraulic | 
rams and motion sensors to replace 
conventional springs, has concentrated | 
on high-performance sports cars [^No 

Continued 


Ez Ka Band is the new 
Ic 4 police radar frequency 
now in use. And only the new 


BEL radar detectors are able. A. 


to detect Ka Band. 
Facts Vou Should Know 


The Federal Communications Commission 
has approved Ka Band for police radar use. 
And now, many localities in the U.S. and 
Canada are using Ka Band Photo Radar. But 
the use of Ka Band isn't limited to picture- 
taking radar eguipment. Standard police 
radar units can also utilize Ka Band. And as 
more states quietly introduce Ka Band radar, 
drivers with only X and K Band radar 
detectors are left defenseless. Unless they're 
driving with the new VECTOR 3. 


VECTOR 3 comes with everything you see here. 


No Quick Fix 

Ka Band radar has made X and K Band 
radar detectors obsolete because existing 
X/K Band radar detectors cannot be adapted 
to receive Ka Band signals. While the use of 
Ka Band has changed police radar, new 
technology from BEL-TRONICS has revolu- 
tionized radar detection. 


VECTOR 3 


near 


rivers ШТ ШЕ mi 
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VECTOR 3 measures only 4.66"L x 3.19"W x L095"H. 


Greater Detection Range 

VECTOR 3 detects X, K, and Ka Band 
radar. And that's significant. But there's 
more, it's called Image Rejection Tech- 
nology (IRT®). BEL engineers have incorpo- 
rated this technology into VECTOR 3. The 
result is incredible performance and greater 
detection range of all police radar. 


VECTOR 3 Knows 

VECTOR 3 is a "smart" travel compan- 
ion. It warns you when X, K, or Ka Band 
radar is present with separate audible and 
visual alerts. It also provides a special audio 
alert when the radar signal transmitted is 
Pulsed or Instant On. And for added protec- 
tion, VECTOR 3 is programmed to advise 


VECTOR 3 Remote 


The advanced technology and регіог- 
mance advantage of the VECTOR 3 is also 
available in a remote design for only 
$289.95. VECTOR 3 Remote utilizes a 


compact antenna for easy ''under-the-hood ' 
installation. And a very small control panel 


for discreet positioning in any vehicle. 


you should its radar detection circuits ever 
require adjustment. With VECTOR 3, you'll 
never question whether radar is present. 


At Your Service 


VECTOR 3 was designed to make early 
detection of police radar easy and conve- 
nient. You can own the new VECTOR 3 
today for only $259.95. Just call toll-free to 
order. UPS delivery is FREE. Or ask about 
our Federal Express overnight service. If not 
completely satisfied, simply return the unit 
within 30 days for a full refund (factory 
direct only). VECTOR 3 comes with a full 1 
year warranty on parts and service. 


eT 1-800-341-1401 U.S.A. 
69 1-800-845-4525 N.Y. only 
1-800-268-3994 Canada 


BEL-TRONICS LIMITED 
The Intelligent Choice 


"Registered trademark of BEL-TRONICS LIMITED 


Compact control panel 
is only 3.5"L x 2.5"W x .67"H. 
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"If it’s tough enough 
for the Guinness Book 
of World Records... 


it was a truly incredible journey. From Tierra del Fuego to the 
Arctic Circle — from the southern tip of South America to the. 
northern tip of North America. 

Garry Sowerby made this adventurous, record-setting trip in 
just 23 days, 22 hours and 40 minutes. And oh, the stories he 
could tell. 

Naturally, to set a world record, Garry Sowerby didn't take 
chances — he took a Sierra, GMC Truck's ultimate full-size 
pickup. The comfortable, reliable Sierra Insta-Trac 4 X 4, with 
standard anti-lock rear brake system (operates only in two-wheel- 
drive mode on 4 X 4s), not only survived, it thrived. For 15,000 
grueling miles — from mud to snow, through jungles and over 
mountains. 

If the Sierra is tough enough to handle a trek like Sowerby s, 
imagine how well it can handle your everyday needs. 


— Garry Sowerby 


You dont have to go for a world record to appreciate all the 
qualities the Sierra has to offer. The Sierra is much more 
than a full-size pickup — it's a GMC Truck full-size pickup. 

Its toughness and reliability are evidenced by Garry Sowerby's 
record-setting journey. Its aerodynamic good looks speak V 
for themselves. Its 4' X 8' bed and standard GVWR of 5,200 Wh 
pounds (including passengers, cargo and vehicle) show its | 
capacity to take care of business. 

Its choice of five engines — from the standard 4.3-liter 
V-6 to the 454 V-8 (all with electronic throttle body fuel 
injection) to the 6.2-liter diesel — proves its versatility. 

And its roomy, civilized interior will almost make you 
M you're driving a truck. 

If you depend on a pickup, buckle up and see your GMC 
Truck dealer. Don't take chances — take a Sierra. 5 
For a catalog and the name of your nearest dealer, 722 

! call: 1-800-VALUE88 (1-800-825-8388). 
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The 1988% Suzuki Samurai (left) sports a new grille and wheel design; its '89 brother Tracker will challenge the Bronco. 


Springs, No Shocks Suspension," July 
'86]. Corvette, for example, now has 
the inside track at General Motors to 
be first to get the radical new system 
that eliminates body roll while en- 
hancing ride comfort. 

But the ability of a specially de- 
signed active suspension to climb over 
rough ground hasn't gone unnoticed. 
The GMC Truck Division recently 
unveiled a Sierra A/R 400 show car 
with active suspension that allows 10 
inches of vertical wheel travel. 

High-speed hydraulics power the 
wheels up or down in response to 
computer-processed information com- 
ing from motion sensors at various 
points on the chassis. Although the 
suspension system was originally de- 
veloped for race cars, its benefits may 
actually be more significant off the 
road and for vehicles carrying a wide 


Small nozzles in Norwegian anti-slip system spray ad- 
hesive on the driven tire for extra traction on ice. 
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variety of payloads than for sports 
cars. In fact, some engineers at GM 
speculate that active suspension 
would be particularly suited to mili- 
tary applications. 


Cadillac is also anxious to use ac- | 


tive suspension. Indeed, the ultra- 
luxury market may well see the first 
application of the system. That's be- 
cause cost estimates of a full active 
suspension based on the Lotus design 
are as high as $12,000. 


Softer Suzuki 


Suzukis Samurai 4WD has had its 
suspension softened for 1988 by using 
fewer and thinner leaf springs and 
adding a stiffer roll bar up front. The 
changes make for a softer ride and at 
the same time better roll control than 
those of the early model. 

Suzuki is also enlarg- 
ing its product line later 
this year with the addi- 


4x4 called the Tracker, 
which is only slightly 
smaller than a Ford 
Bronco or Chevrolet 
Blazer. The new Suzuki 
will also be sold through 
Chevrolet dealers un- 
der a different name. 


Spray-on chains 


In a new system devel- 
oped by U.C. Systems 
A/S in Tvedestrand, 


button sprays tacky 
non-slip adhesive di- 
rectly onto tires for 
short-duty traction on 
snow or ice. 

The system involves 
fitting spray nozzles in- 


tion of a larger utility | 


Norway, a touch of a | 
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Pen points to slim wet-plate 


which replace synchromesh hubs in the. 


new Ricardo automatic transmission. 


side the front or rear mud guards. The | 


nozzles are connected to a setup sim- 
ilar to that of a conventional wind- 
shield washer: a fluid reservoir, a 
pumplike compressor, and an elec- 
tronic control unit. The on-demand 
system is seen as an alternative to 
studded tires — illegal in most states 
because they damage road surfaces. 


New automatic 


An automatic transmission developed 


by Britain’s Ricardo Consulting En- | 


gineers uses five mechanical gears 
shifted automatically via computer- 
controlled wet-plate clutches. 

The slim multi-plate clutches re- 
place the usual synchromesh hubs. 
One clutch is used to get underway 
from a standing stop, eliminating the 
torque converter, while the rest allow 
shifts underway. Their operation is 
controlled by a computer programmed 
to modulate the pressure rise and fall 
on the clutch plates. 

Ricardo is testing the transmission 


in a Ford Fiesta and claims improved | 
Continued | 


` Now Save $3.00 A Case Or 20¢ A Quart With Mail-In 


Pennzoil: World Class Protection: 


For A World Class Race Car. 


From a hamlet in Northamptonshire, on the outskirts of 
London, comes the Indy race car of the future. 
Here, the highest level of racing technology has been set 


into motion. And the perfection of the new Pennzoil Z-7 Special, 


powered by the Penske-Chevrolet engine, 1s now complete. 

From the first day this masterpiece was unleashed on the 
world, it has run on the World Class Protection of Pennzoil 
Motor Oil. 

There is no other engine in the world like it. And no other 
oil in the world can protect it like Pennzoil. 

Pennzoil. World Class Protection that exceeds U.S. warranty 


requirements of every car " | 
World Class Protection: 


maker in the world. 


Rebates During Pennzoil's Indy Winner Sale! 


See Participating Retailers For Details. 
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PENNZOIL 
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VIS. $ 

SAE 10W-30 — 
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WORLD CLASS PROTECTION.. 


U. warranty requirement; of every 
tar тайа be бе world бу engine proisction. 
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fuel economy and lower manufactur- 


ing costs than those of conventional | 


| automatics. 


Chrysler develops a V10 


Chrysler is working on a new V10 for 
its light trucks—an unusual engine 
configuration, normally seen in heavy- 


| duty diesels. Chrysler sees adding two 


cylinders to its 318-cu.-in. V8 as a 
relatively low-cost way to add displace- 
ment and equal competitive V8s of- 
fered by GM and Ford in their stan- 
dard-size pickups and vans. 


plored in recent years at GM, which 
proposed a family of V3s, V6s, and 


V8s, and Ford, which is currently | 


planning a line of “modular” engines 
that would power most of its passen- 
ger cars. The designs allow auto com- 
panies to build a variety of power 
plants using a single manufacturing 
facility. 


Moving toward modular 


The modular concept also is being ap- 
plied to auto bodies. The Budd Co. and 
| ITT Automotive recently formed a 
joint venture to assemble auto doors 
complete with hardware that would 


30 | POPULAR SCIENCE 


3 E ا‎ 
s. 


The 1989 front-drive Mercury Capri convertible revives the spirit of '50s roadsters. 


be delivered to an auto assembly plant 


| for installation by the manufacturer. 
Expandable engines have been ex- | 


The car owner would be unlikely to | 


notice the difference between the so- 
called “modular” door and a conven- 
tional one, but because there are ap- 
proximately 100 separate pieces in a 
single door, the step potentially means 


| lower costs. 


The Budd/ITT door is expected to 
be followed by other companies offer- 
ing complete subassemblies to various 
auto companies, a kind of Tinkertoy 
approach to auto assembly that could 
also affect the repair business. 


Roadster revival 


A sneak peek at a future Mercury 
Capri roadster reveals a modern two- 


The new Tipo (below) is a 
roomy five-door hatch sold 
only in Europe to compete 
with the best-selling VW 
Golf. To build the car, Fiat 
has what it calls the most 
highly automated car plant 
in the world in Cassino, 
Italy—at 55% automation 
(left: Major subassemblies, 
such as the engine and 
transaxle, cooling system, 
and suspension, are pro- 
gressively built up on wire- 
guided trolleys, then bolted 
to the body in finished form. 


and-a-half seater (a tiny jump seat in | 


the rear) that salvages much of its 
style from Ford’s Barchetta concept car 
that was on the show circuit two years 
ago in Europe. 

But the Capri also harbors a lot of 
nostalgia from the British and Ital- 


ian roadsters of the 1950s. This time, | 


however, the roadster is a front-wheel- 
drive car that uses the 1.6-liter Mazda 
engine found in the 323. The car will 
also be offered with a turbocharged 


version of the engine, which boosts | 
horsepower to about 125. Base price 


for the car, due on the market in the 
spring of 1989, is expected to be less 
than $10,000. 

A hand-operated top and an optional 
hardtop take away the old-style fun 
of wrestling with snaps in a rainstorm. 
And with the modern Japanese-built 
drive train, old-British aficionados 
likely will have to spill their own oil 
on the floor of the garage to simulate 
leaks. 


All alone in the plant 


Italy's Fiat S.p.A. recently launched 
a new car line dubbed Tipo, a dimin- 
utive four-seater that will be built in 


| a plant that has been touted as the 


most automated in Europe—a prelude 
to a manufacturing plant that will 
function with no workers. The Tipo 
represents four years of development 
and an investment of more than $1.75 
billion. 

Fiat hopes the Tipo line of small 
cars will bring it back to the status of 
best-selling car company in Europe. 
European Editor David Scott sees the 
five-door hatch as "an important 
trend-setter that rival auto makers 


| will carefully note. Inside, it is inches 


roomier in all directions than the 
Volkswagen Golf or Ford Escort, 
though it is shorter overall at 156 
inches. Galvanized steel is used for 70 


| percent of all body panels, putting the 


Tipo in the exclusive anti-rust com- | 


pany of Porsche and Audi." 


Built with a series of engines up to | 


1.8 liters, the Tipo is not expected to 
be sold in the United States. 
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The new cordless Freewheeler -Up on a ladder. Under 

gives you a hand with lots of the car hood. Out on a boat deck. 

different projects. Like sharpening Or right at your workbench. The | 

lawn mower blades, grinding rust cordless Freewheeler gives you 

spots or sanding sticking doors. easy access to hard-to-reach or. | 
The Freewheeler is а % — delicate projects. > ~~ > | 

compact rotary power tool unlike | - See the Freewheeler 

anv tool vou own. With speeds — from Dremel at vour local hard- 

of 15,000 and 20,000 RPM, the ` Ware store or home center. 


Or call 1-800-852-0852 
toll-free for more inform- 


Freewheeler cuts, grinds, sands, 
routs, drills and polishes with 


amazing precision and accuracy. ation. 

Tt accepts a wide variety of bits — It's almost like 
and accessories, so you can accom- having more than 

plish an arm load of tasks. | two hands. 
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Jaguar's 4WD: 


Iraction breakthrough · 
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Front-to-rear traction control in 4WD systems 
is a complex part of drive-train design. Jag- 
uar's solution may be the most effective yet. 


By DAVID SCOTT 


formance cars hasn't been easy, as evidenced by the 

current competition among rival technologies. Viscous 
couplings, electronic systems, and Torsen differentials are 
being tried by automobile makers worldwide |Traction!" 
Nov. '86]. Now Jaguar PLC has come up with an all- 
mechanical four-wheel-drive concept for performance cars 
that may prove to outclass its rivals in both simplicity 
and optimized traction. 

The idea is to vary the torque split between the front 
and rear wheels according to the gearbox ratio selected, 
which is broadly a measure of the car's speed. In first 
gear the rear wheels get 74 percent of the engine torque 
and the front only 26 percent, thus utilizing rearward 
weight transfer during hard acceleration for maximum 
road grip. During subsequent upward shifts the split 
changes in fixed steps, with progressively more torque 
being applied to the front wheels. In fifth gear the for- 
ward bias reaches 60 percent, improving stability on the 
highway at high speeds. 

These changes are entirely automatic and handled by 
an ingenious third differential between the front and rear 
axles. Such center differentials are widely used in 4WD 
vehicles to compensate for the varying rotational speeds 
of front and rear wheels in a corner and are generally 
placed in the drive line after the gearbox. But Jaguar 
cunningly puts this differential ahead of the gearbox, where 


F inding the perfect all-wheel-drive system for per- 
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Here's how the variable-torque system works in a manual 
transmission setup: The center differential is a planetary 
gearset with engine input to the planet carrier—and two 
outputs. One is to the annulus, or ring, gear driving the 
rear axle via the gearbox, while the sun gear feeds into the 
front axle. Torque split between these outputs is altered by 
the gearbox ratio engaged at any given time, for that con- 
trols the amount of torque fed to the back axle. In first gear 
the rearward torque is high, because the amount of torque 
required by the rear wheels is related to the mathematical 
gearbox ratio, and the front axle receives the smaller share 
of the torque split. Then with upshifts the torque bias moves 
forward, and in these higher gears the back axle gets 
progressively less torque. It’s as simple as that. 


it becomes a variable-torque coupling from the engine 
directly to the front axle. 

Though still in an experimental stage, the clever British 
design may appear on a forthcoming Jaguar 4WD XJ40. 
Aside from performance benefits, the system could cut 
gearbox costs through the use of lighter and therefore 
cheaper parts. That’s because the transmission never 
handles more than 74 percent of the engine torque; the 
rest is diverted to the front axle before it gets to the 
gearbox. Lighter components could likewise be used for the 
driven front axle, as it never takes any more than 60 percent 
of the engine output. Jaguar claims such performance and 
savings also go for automatic transmissions. 
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| Vinyl Protectant Gas Treatment Super Hard Shell Paste 10W40 Motor Oil 
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Deluxe Wash Brush 
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WAL-MART Carries a Complete Line of Batteries 
For Your Automotive and Marine Needs. 


60 Month Omega 5 Battery | 
eUp to 550 cold cranking amps | 
eSizes to fit most domestic & import | 

cars and trucks | 
EVERYDAY LOW PRICE | 
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No Exchange Required | 
On All Batteries 
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A. Super Crank? B. Stowaway” Marine/R.V. Battery C. Action Pack* AP-105 Battery 
Marine Starting Battery e600 Cold cranking amps eDeep cycle staying power for 
eDelivers quick power for fast eTotally sealed eNo. ST-154 marine and H.V. accessories 
sure starts eFor most outboard Stowaway? Sealed 
and medium size gas and Marine/R.V. Battery Action Pack* Battery 
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Snazzy Swede 


Derived from the 9000 hatch, the 9000 [ES 

CD moves Swedish Saab-Scania AD L ij 

squarely into the luxury arena with d 

BMW, Mercedes, Volvo, and Jaguar, 

where only classic sedans spell class. Ms AP fz 
A long-awaited innovation in the ШШШ 4 | Po — 

CD is Saab's Direct Ignition [“Quad- ~~ = NAD E E N A E CE er fet 

Coil Ignition," July '85], a capacitive Ет Po کح‎ bae 

system that steps up battery voltage Wedgy Saab 9000 CD retains the hatch’s 0.34 drag coefficient. Top speed: 135 mph. 

in two stages to 40,000 volts fired | 

across a widened plug gap. This cre- 

ates a mighty multi-path spark that 

ignites any grade of gasoline, even 


wies! МОМУ! TIMELESS BEAUTY. 
There's no distributor or breaker ! М | eee 
points, and a flywheel sensor triggers ! TI ME AT ALL 
ignition pulses. | [М NO | | | " 


2. — 
: 


MYX 994 


EZ i 


Mechanically, the CD differs little 
from the 9000, with a 16-valve turbo- 
charged engine belting out 175 hp 
(160 with catalytic converter). An 18- 
cubic-foot trunk stretches the body 
six inches to 182 inches. But on a 150- 
mile drive through southern France, 
I found the CD matched the hatch's 
zip and firm handling: Zero-to-60- | 
mph time was 6.9 seconds, with a tur- | 
bo shove at 3,000 rpm. The CD is be- 
ing launched in Europe and will hit 
the U.S. in 1989. Cost? Saab says 5 
to 10 percent over the $28,141 hatch. | 
— David Scott 


№ 
tt Minwax is а registered trademark © 1988 Minwax Company Inc. 
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Rubbing oil stain and finish in one easy step. 


A traditional finish used to take days to achieve. Now, with 
\ new WoodSheen by Minwax, you can have the look of a deep, 
hand-rubbed finish in just two hours! Simply wipe it on with 
a cloth—in one easy step, you'll have rich color and a tough 
protective Danish oil finish. New WoodSheen penetrates deep 
into wood, so it highlights the beauty of the grain. And it dries 

in just two hours! Available in 6 rich colors plus Natural. 

| For a free copy of Tips on Wood Finishing write to Minwax 
| Co. Inc., Dept. PS-058 РО. Box 426, Little Falls, NJ 07424. 


Saab’s long-going two-liter engine, | 
enlivened by a four-valve-per-cylinder 
head and intercooled turbocharging, 
produces 201 lb.-ft. of torque. Four- 
pronged ignition cassette (above engine) 
encloses each plug’s individual high- 
tension parts in a metal housing sealed 
against dirt and damp, improving cold 
start-up and ending radio interference. 
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NIRODUCINO 
THE ALL-NEW SHAPE OF 
ALL-WHEEL DRIVE. 


MERCURY TOPA -zZ 


The engineers who designed the new Mercury Topaz weren't satisfied with conquering 
the wind alone. So they created a car that also conquers the weather: the 1988 Topaz with 
optional all-wheel drive. The redesigned shape of the four-door Topaz is more than just a 
work of remarkable style, it contributes to a remarkable sense of driver control. It directs 


the force of rushing wind to help keep the car pressed to the road surface. The result? 


A Improved handling at highwav speeds. Topaz has also 
e been dramatically reshaped inside to enhance 
driver control. The all-new instrument panel 


puts every analog gauge within your 
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field of vision, and every control where your hand expects to find it. All to help you keep 


your eyes on the road in front of you. For times when that road is covered with rain, mud, 
The Shape You Want Io Be In. snow or ice, the 1988 Topaz offers the all-wheel-drive option. 
MERCURY Just press a switch on the overhead console for a significant increase in 


traction. (However, this system is not designed for off-road use.) To make 


/ /f you feel even more secure, there's our 6-year/60,000-mile limited powertrain 


warranty. Certain restrictions and a deductible apply. So ask to see a copy of it at your 


Lincoln-Mercury dealer. For additional information about the new Mercury Topaz, call 
LINCOLN-MERCURY DIVISION Са) 


tol-free 1800 822-9292. Buckle up—together we can save lives. 
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Test trio: Oldsmobile Cutlass Calais (front), Volkswagen Jetta GLI 16V, and Chevrolet Nova Twin Cam 16. 


ACCELERATION 0—60 (sec.) 


OLDSMOBILE CUTLASS CALAIS 


VOLKSWAGEN JETTA GLI 16V 


CHEVROLET NOVA TWIN CAM 16 
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PHOTOS BY GREG SHARKO 
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AUTO TECH '88 


Four-valve-per-cylinder technology is the latest trend in high- 
output engines. Indeed, 16-valve fours are some of the world's 
most powerful small-displacement engines. How does this 
intriguing technology work? And how well does it translate 
into production cars? POPULAR SCIENCE tested three new 16- 
valve-equipped cars and found that while the engines are 
impressive, other aspects of the cars fall short. 


By DAN McCOSH 
Detroit Editor 


breathing through a straw. Then 

repeat the exercise with your 
mouth open. You've demonstrated the 
basic principle behind the new gen- 
eration of four-valve-per-cylinder 
small-displacement engines that are 
proliferating like lemmings in today's 
automotive landscape. 

The first modern domestic multi- 
valve engine, the Quad 4, was unveiled 
at the beginning of the 1988 model 
year, stuffed into an Oldsmobile Cut- 
lass Calais coupe. At first glance, the 
Quad 4 is a tardy entry in the multi- 
valve arena, following both European 
and Japanese four-valve cylinder heads 
to market [^16 Valves from GM," March 
'86]. But a closer look shows significant 
breakthroughs in materials and mani- 
fold configuration, as well as an un- 
usual ignition that supports Olds- 
mobile's claim that the Quad 4 is the 
most efficient—and one of the most 
powerful—four-cylinder engines on 
the market today. Of course, Olds could 
get an argument on that from Porsche, 
Daimler-Benz, and Saab-Scania, among 
others—but those European cars cost 
at least $10,000 more than a Quad 4- 
equipped Calais. 

The PoPULAR Science test team picked 
two other relatively low-priced multi- 
valve-powered sedans, the Volkswagen 
Jetta GLI 16V, and Chevrolet's new 
Nova Twin Cam 16 Valve, to get a feel 
for what low-dollar hot rodding 1s all 
about. All three cars use high-output 
four-cylinder engines in an effort to 
turn small serene sedans into specialty 
screamers. 

The valve proliferation that became 


T- climbing two flights of stairs 


35 popular a few years ago is based on 


the geometric principle that four valves 
positioned above a given piston size 
have more area than two valves. The 
larger area means less resistance to a 
new air-fuel charge on the piston down- 
stroke and less back pressure on the 
exhaust stroke. At ear-perking high — 
rpm, this translates to more power for 
a given size engine. 

But physics poses another dilemma 
to an engine designer attempting to 
take advantage of increased valve area: 
The volume of air stays constant, so 
its velocity decreases as the valve open- 
ings become larger. Until the recent de- 
velopment of electronic fuel injection, 
it was difficult to get a carburetor to 
function properly at low engine speeds 
with large valve openings. Hence the 
relatively recent revival of four-valve 
heads in conjunction with modern elec- 
tronic engine controls. 


Quad 4’s secrets 


Olds’s claim to high-tech supremacy 
is based on the engine’s design and use 
of technology, which is trend setting in 
several areas and relies on some tried- 
and-true hardware in others. 

For example, the Quad 4 depends on 
an old-fashioned chain drive to get the 
valve train churning. But you would 
look in vain for a distributor, or even 
ignition wires, on this electronic Wun- 
derkind. Instead, crankshaft position is 
picked up from a slotted disc on the 
crankshaft and fed to a computer, 
where it triggers one of two extra-high- 
voltage coils mounted on the cylinder 
head. Short busbars carry the spark to 
the plugs, with each coil firing two 
plugs alternately. 

A tuned intake manifold with long 
runners is Oldsmobile's effort to solve 
the low-speed torque problem inherent 

Continued 
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Olds Calais coupe (right) 
comes to a wispy but straight | 
and true 152-ft. stop, the best 
of the group. Swerving to 
avoid an obstacle in the high- 
speed handling test, the Nova 
(below left) rolls over on its 
left side, a function of the EE 
car's softly sprung suspen- 


sion. The Jetta displays a com- С = 


mon Volkswagen suspension 
quirk: It lifts its left rear wheel | 
during a sharp left-hand turn — 
in the maneuverability test. 1 


in multi-valve engines. Lightweight pis- 
tons, connecting rods, and wrist pins 
reduce reciprocating weight and im- 
prove the balance of the relatively large 
(2.3-liter) Quad 4 engine. Diamond 
machining brings better-than-average 
tolerances and dimensioning to the 
bearings and cylinder bores as well. 

With all these improvements, how- 
ever, the Quad 4 had the lowest specific 
output of the three engines tested: 65.2 
horsepower per liter, compared with 
Volkswagen's 68.3 and the Toyota-built 
Nova’s 68.7. But Olds engineers hint 
that this is only the first stage of de- 
velopment for the Quad 4, with high- 
output and turbocharged engines 
planned for the near future, while VW 
and Toyota have stretched development 
of their engines near the limits. 

The Volkswagen 16-valve effort is 
something of a baby brother to the 
Quad 4. With a displacement of 1.8 li- 
ters, the VW engine produces 123 
hp, compared with 150 for the Quad 4 
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and 110 for the Toyota/Nova engine. 
The VW's basic layout is similar to the 
Quad 4’s, though there is one notice- 
able difference: The Volkswagen 16- 
valve has vertical intake valves and a 
slanted exhaust, while the Quad 4 has 
a symmetrical head. Volkswagen's ig- 
nition is relatively conventional, with 
a camshaft-driven distributor similar 
to the Nova's. 

The main innovation in the Toyota 
16-valve twin-cam engine used in the 
Chevy Nova is its solution to the low- 
rpm problem: a dual intake manifold 
that opens only above 4,300 rpm. 


Behind the wheel 


When the test team got to the test- 
ing site, the Quad 4 Calais, quickly 
roared off and clobbered the other two 
with its large displacement and high 
torque and horsepower. The Calais 
posted an 8.7-second 0-to-60-mph time, 
compared with 9.3 seconds for the Jetta 
and 9.5 seconds for the Nova. 


Numbers aside, I got my 
first hint of the drawbacks of 
this kind of high-revving 
horsepower when the buzzing 
feedback of the Calaiss engine 
was bad enough to blur the 
numbers on my wristwatch 
when I gripped the wheel 
hard. In fact, I found the over- 
all drivability of the Calais 
disappointing, with the car's 


ai Е 2 heavy clutch, notchy gearbox, 


and tendency to stumble when 
taking off from a standing 
stop. 

Clearly, I was getting a 
demonstration of four-cylinder 
shaking force undamped by 
any countershaft-balancing ar- 
rangement, such as has been 
done on some Japanese and 
German engines. (Гуе been 
told that some kind of coun- 
terbalancing may be added to 
the Quad 4 in the future.) The 
Volkswagen engine was more 
subdued, but it also tended to 
buzz at speed—it was the loud- 
est of the three at 60 mph—leaving the 
Toyota engine seemingly the happiest 
at high rpm. 

I confess to mixed feelings about 
driving cars with engines that wind 
up high enough to threaten plate-glass 
windows. It’s great for covert street 
operations, but in day-to-day driving 
you usually end up shifting long be- 
fore all the technology starts to oper- 
ate. That is one reason it’s possible 
to squeeze outstanding mileage out 
of these engines despite their high 
horsepower. 

But power doesn’t really start to de- 
velop until the 4,000-rpm range, about 
twice the speed of an old-fashioned 
slow-turning V8. All this high revving 
puts a big premium on engine balance 
and smoothness, and I found at times 
high-speed harmonics could get all 
three cars vibrating like a cello player's 
left hand. 

The Quad 4's harshness is amplified 

Continued 


The trio of four-valves shows var- 
ying approaches to engine lay- 
out. Oldsmobile covers the Quad 
4's entire valve train and ignition 
system, making it look wide—al- 
most similar to a V6 (left). Volks- 
wagen's top-mounted manifold 
makes its engine (center) unusu- 
ally high for a four-cylinder. No- 
va's Toyota-built engine (far left) 
is the most conventional looking 
of the group. 


Own а mil 


You would have to pay roughly $1 million for a 1935 
Mercedes 500K Special Roadster. If a collector 
would sell one of the few in the world today. 

And now, Franklin Mint Precision Models has 
re-created the same 500K that redefined the 
automobile. The first successful blend of good 
looks and high speed in automotive history. 

And the car that recently captured “Best in 
Class” and “Best in Show” at the world’s most 
important auto show-the classic Pebble Beach 
Concours d'Elegance. 

The model is built by hand with 111 separate 
parts. Each hand-painted in the famous Mercedes 


shown actual size of 8*5" L scale 1:24 


Franklin Mint Precision Models 
Franklin Center, Pennsylvania 19091 


Please enter my order for The Mercedes 500K Special Roadster, crafted using 
die-cast metal, to be sent to me fully assembled and ready for display. 

| need send no money now, I will be billed for my imported model in three 
monthly installments of $40.* each, beginning just before my model is ready to 


be shipped to me 


signature 


ALL ORDERS ARE SUBJECT TO ACCEPTANCE 


The Mercedes 500K Special Roadster 


*Plus my state sales tax and a total of $3. for shipping and bandling 


ion-dollar classic. 


500K color-then hand-waxed to a high gloss. And 
the entire model is carefully hand-assembled for 
immediate display. 

Entirely authentic—down to the complete detail- 
ing of the engine and undercarriage. With seats that 
“give.” Hood, doors and rumble seat that actually 
open and close. Convertible top that snaps on and 
boot that snaps off And the knock-off hub covering 
both spares. 

You've never seen a replica like this. One-of- 
a-kind quality and precision—priced at hundreds 
of dollars less than comparable custom models. 
Just 590. 


1988 FMPM 


Please mail by May 31, 1988. 


Name 
PLEASE PRINT CLE! 
Address 


City, State, Zip 
83115-108 


A new standard of excellence from Franklin Mint Precision Models 


by the stiff КЕЗ suspension package in 
the Calais, but that tight suspension 
and the grippy Eagle GT+4 tires made 
the Calais the snappiest of the group 
through the low-speed slalom—at 31 
mph. All three cars were near equals 
in the high-speed lane, at 71 mph. 
The Calais and Jetta both use the 
so-called twisting beam rear axle, 
rather than a true independent rear 
suspension. Originally developed by 
Audi, and commonplace on front-wheel- 
drive cars, the setup ties the rear 
wheels together with a solid axle lo- 
cated by trailing arms at each side. The 
beam is flexible enough to twist under 
load, giving some of the benefits of in- 
dependent rear suspension. 


Multi-valve technology: 


more horsepower, smaller engines 


The design is at its best in giving 
solid camber control, a particular ad- 
vantage on smooth surfaces like our 
test site, one of the runways at Stew- 
art International Airport in Newburgh, 
N.Y. Volkswagen gives the twisting 
beam a further twist with a patented 
bushing design that is designed to steer 
the rear wheels slightly into a hard 
corner—an attempt to give some of the 
benefits achieved by sophisticated rear- 
wheel-steering systems. 

The Nova uses an independent semi- 
trailing-arm rear suspension supported 
by coil springs and located by upper 
and lower contro] arms. It’s a softer 
riding rear end, and it sometimes 
gives up in the hard corners. 


benefit of a four-valve cylinder 
head, the technology works best 
at high engine speeds. Unfortu- 
nately, multiple-valve technolo- 
gy is also inhibited by manifold 


m pressure. This is the reason Gen- 
eral Motors is researching a new 
engine block that features a one- 
piece cast cylinder head and 
block. The lack of cylinder-head 
bolts allows a highly efficient 


эм 795, manifold that maximizes the ef- 


Automotive engineers obsessed with punch- 
ing more holes in the cylinder head are fol- 
lowing much the same line of reasoning that 
led to the 1918 ‘‘dual valve" Pierce Arrow, 
one of the first cars to use four valves per cyl- 
inder as a way to enhance gas flow and in- 
crease horsepower. 

Replacing the conventional single intake and 
single exhaust valve with two intake and two 
exhaust valves increases the area of the pas- 
sages that let the fuel-and-air mixture into 
the combustion chamber, and let burned fuel 
and exhaust gases exit. Individual valves are 
lighter; therefore they are easier to open and 
shut quickly. 

The benefits are offset to some extent, how- 
ever, by a more complicated camshaft arrange- 
ment. The easiest way to actuate four valves 
per cylinder is with dual overhead camshafts, 
which are sometimes tricky to lubricate. 
Oldsmobile goes back to a chain drive rather 
than the cogged rubber belt that is used on 
most modern single-overhead-camshaft en- 
gines today. So does Volkswagen, which ex- 
perimented with using a short chain running 
from one cam to the other before going the 
more conventional route. 

Because increased gas velocity is the main 
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fect of multi-valve design. 

The cam drive is even more 
complicated with "V" power 
plants, and most today are using 
a single-overhead-cam-per-cyl- 
inder bank, with some kind of 
lever arm actuating the opposite 
bank of valves. 

Still further valve proliferation 
is likely to continue. Toyota, Nis- 
san, General Motors, and Ford 


all are planning V8s bristling | 
with 32 valves. And Ford could up the ante if - 


the company decides to adapt technology from 
Yamaha to produce five-valve-per-cylinder rac- 
ing engines in the not-distant future. A 40- 
valve V8? 

The high revolution rate inherent in multi- 


valve engine design puts a premium on bal- | 
ancing techniques. Four-cylinder engines | 


without balance shafts tend to be prone to high 
shaking forces. The Oldsmobile Quad 4 and 
Volkswagen engines use relatively long con- 
necting rods to reduce angular changes dur- 
ing a piston stroke, a solution that has only 
been partially successful in the past. Using 
lightweight materials in the manufacturing 
of the piston-rod assembly also contributes to 
the solution. 

Multi-valve heads also seem to benefit 
strongly from supercharging, because a direct- 
drive blower works without constricting the ex- 
haust flow, as does a turbocharger. Low engine 
speeds are the undoing of the system, as low 
gas velocities wreak havoc with mixture con- 
trol. Movable baffles, split manifolds, and 
tuned intakes all have been tried with some 
success, but a truly satisfactory solution to the 


multi-valve engine's poor low-speed response | 


has yet to be found. —D. M. 


constrictions and exhaust back | 


On the smooth test surface between 
the traffic cones, the Calais felt strong- 
est, with the Jetta taking its familiar 
hind-foot-lifted stance, which tends to 
make the rear end light, and the Nova 
rolling heavily but not unhappily. 

The Calais out-braked the other two, 
though not by much. The little Olds 
posted the shortest distance for the day, 
at 152 feet. The Nova showed a slight 
tendency to fade, despite its four-wheel 
disc brakes, and managed a 155-foot 
stop. The Jetta’s brakes, posting a dis- 
tance of 154 feet, actually seemed to 
improve in performance with heat and 
repeated stops. 

All three cars sport stiffer sway bars 
to handle the increased horsepower over 
the standard models. On the highway 
the stiffer suspensions are rough in pot- 
holes, although at speed the cars plant 
their feet firmly on the ground. The 
plush interior of the Calais masked 
more noise than did either the thin 
fiber interior of the Jetta or the metal- 
lic sparseness of the Nova, but none of 
the three would lull your mother-in- 
law to sleep. 


Compromising compromises 


The compromises made in mating 
these high-tech engines to moderate- 
price chassis showed through. Га rate 
the VW Jetta best for overall feel, par- 
ticularly when driven quickly on the 
highway. Except for its standard Recaro 
bucket seats, however, Jetta is awfully 
barren for a car selling in the mid- 
teens. The ride is also the harshest of 
the three, but it is a marginal differ- 
ence if you do most of your driving on 
rough roads. 

The Olds Cutlass Calais 1s impres- 
sive for both power and plushness, but 
the problems with drivability and noise 
at high rpm, where the Quad 4 pro- 
duces its power, sometimes had me 
wishing for a smoother V6 engine and 
an automatic. 

The Chevy Nova is the least preten- 
tious of the group, with the smoothest 
drive train. But the impact on your wal- 
let when the big engine is ordered is 
proportionately the highest, and you 
are still left with a basic low-cost sub- 
compact car, albeit a quick one. I find 
it rather difficult to justify a 30-per- 
cent increase in the price of a low-priced 
subcompact just to get an additional 
50 hp. 

Lastly, fair warning: All these en- 
gines are red-lined at a dog-barking 
7,000 rpm. That means a lot of gear 
shifting, fifth-to-second downshifts at 
lights, and a good workout on the way 
home from work. 

But get on a twisting country road 
and in the groove, and they are pure 
pleasure. 

Turn page for specs and test results 


NRI Hands-On Training With an IBM PC Compatible Plus 20 Meg Hard Disk 


COMP 


Learn the Basics the NRI 
Way -and Earn Good 

Money Troubleshooting 
Any Brand of Computer 


The Department of Labor 
ranks computer service high 
on its list of top growth fields, 
with accelerated demand 
creating more than 30,000 new 
jobs within the next 10 years. 


icc 


You can cash in on this oppor- 
tunity—either as a full-time 


an independent service- 
person—once you've 
learned all the basics of 
computers the NRI way. 
NRI's practical combina- 
tion of "reason-why" 
theory and "hands-on" 
building skills starts you 
with the fundamentals 

of electronics, then guides 
you through advanced elec- 
tronic circuitry and on into 
computer electronics. You also 
learn to program in BASIC and 
machine language, the essential 
languages for troubleshooting 
and repair. 


Total Computer Systems 
Training, Only From NRI 


No computer stands alone. . .it's part of a 
total system. To really service computers, 
you have to understand computer sysfems. 
And only NRI includes a powerful com- 
puter system as part of your training, 
centered around the new fully IBM com- 
patible Sanyo 880 Series computer. 


You start with the step-by-step 
assembly of your Sanyo 880 computer. 
You build and test the "intelligent" 
keyboard, install the power supply and 
514" floppy disk drive, and interface the 
high-resolution monitor. But that's not all. 
You go on to install a powerful 20 
megabyte hard disk drive—today's most- 
wanted computer peripheral, now includ- 
ed as part of your hands-on training to 
dramatically increase your computer's 
data storage capacity while giving you 
lightning-quick data access. With your 
computer now up and running, you're 
ready to use the valuable software that 
completes your total computer system. : 


| - | 
unu 


corporate technician or ra 


IBM is a Ragistered Trademark of IBM 
Corporation. 


eee eee 
Appio and hope oo are Registered 


Trademarks of 

Compaq н Registered Trademark of 
PAG Computer Corporation. 

©1985 ATAT Technologies, Inc. 


It all adds up to confidence- 
building, real-world experience 


that includes training in program- ae 7 


ming, circuit design, and peripheral 
maintenance. You'll be learning about, 
working with, servicing, and trouble- 
shooting an entire computer system— 
keyboard, power supply, computer, 
monitor, floppy disk, hard disk—to en- 
sure that you have all the essential skills 
you need to succeed as a professional 
computer service technician. 


Experience Needed, 
NRI Builds Н In 


This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared, with the skills and confidence 
you need for success. You learn at your 
own convenience in your own home. No 
classroom pressures, no night school, no 


GET THE KNOW-HOW 
TO SERVICE EVERY 
TER ON THIS PAGE 


need to quit your present job until you're 
ready to make your move. Your training 
is backed up by your personal NRI in- 
structor and the NRI technical staff, 

ready to answer your questions 
and help you when you 
need it. You get it all with | 
NRI at-home training. 


Free 100-Page 
Catalog Tells More 


Send the postage-paid 
reply card today for 

NRI's big, 100-page, 

color catalog on NRI's 


d 


electronics training, 
which gives you all 
the facts about 
NRI courses 
in Micro- | 
computers, | 
Robotics, | 
Data Com 
munications, | 
TV/Audio/ 
Video Servicing, 
and other growing 
high-tech career fields. 
If the reply card is missing, 
write to the address below. 


a 


Your NRI total systems training includes: 
e NRI E Lab to design and modify circuits * Four- 
function digital multimeter with walk-you-th instruc- 
e pois. л n logic pone tn for visual examina- 
wih “imaligont Keyboar and 960, 514. борү doh 
High resolution raonaoixome moulior « К ROM, ed 
» Bundled software including GW-BASIC, MS-DOS, 
WordStar, iStar, CalcStar « R s Reference manuals, schematics, 


MW. 2o 7 SCHOOLS 


McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue, NW UE 
Washington, DC 20016 €1: м 
We'll Give You Tomorrow. В"! 


AUTO TECH '88 


POPULAR SCIENCE TEST RESULTS 


TEST RESULTS 
Acceleration (sec.) 
0—30 mph 
0—60 mph 
Brake test, 60—0 mph 
Stopping distance (ft.) .................. 
Pedal pressure, cold (Ibs.) 
(0.5-G stop) .. as 
Pedal pressure, hot (Ibs.) 
(0.5-G stop) 
Handling test (mph) 
Maneuverability test (mph) 
Interior noise (dBA) 


Dimensions and specs 


DIMENSIONS (in.) 


Wheelbase sss su] 95. 103.4 97.3 

Overall length o.oo occ) 166.3 178.6 171.7 

Overall КОО О 64.4 66.9 66.1 

Overall height so | 52.8 52.3 55.7 

SPECIFICATIONS (as tested) | 

Engine type: LL In-line 4 In-line 4 | In-line 4 

Displacement (cu. in./liters) .........4 97/1.6 138/2.3 | 109/1.8 

Compression ratio .. TEE 9:41 9.5:1 10:1 

ladüuclidn Sissi aia ance sci _| Fl | Fl | FI 

Net horsepower © rpm ................... 110 © 5,600 150 @ 5,200 | 123 @ 5,800 

Net torque (Ib.-ft.) & трт... 98 о 4,800 160 @ 4,000 | 120 & 4,250 
| Transmission _....................................-] 5-speed manual | 5-speed manual | 9-speed manual 
Final drive ratio... 4.31:1 3.61:1 3.67:1 | 
ео qoos AS su| Power, rack and | Power, rack and Power assisted, 
| pinion | pinion rack and pinion 
| Turn diameter (ft) -cc essinu 30.84 35.40 34.40 

Front suspension -oaan | MacPherson strut, MacPherson strut, MacPherson strut, 

| coil springs coil springs coil springs. 
Rear suspension sss MacPherson strut, coil Trailing crank arm Torsion beam 
Springs, semi-trailing arms| with twist beam 

Brakes: L rama rari iii | SESS | Disc/dise Disc/disc 

Curb weight (Ibs.) . EMEN ilr REL 2,498 2,460 

F/R weight distribution (96) ........ 62/38 64/36 

Fuel tank (gal.) . He Mur fos 13.6 14.5 

Trunk volume (cu. ft.). ............. 13.7 13.2 16.6 

Bass DECR. Ls es esl cede erae | $11,395 n.a. $14,080 

Price as tested ...................................| $12,805! n.a. $16,610 


Major options: (over $100): Twin Cam option package #5 (Twin Cam engine, A/C, power door locks, 5-speed transmis- 


sion, stereo, speed control, high-performance tires, alloy wheels) $1,370; A/C $795, power window/door package 
$680, stereo $675, sunroof $380 N.a.: not available 


Parts and service 


` PART PRICES. (manufacturers! s | retail) 


Brake pads, front . E 
Brake pads linings, rear rear Гн 
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The “Real World” 
Advantage of 
Passenger Car 
4WD Brought to 
You by SUBARU 


Every driver who has driven in snow 
has seen the advantages of 4-wheel- 
drive vehicles; often while you slip and 
spin, some Jeep or other sport/utility 
vehicle zips right by! But, more and 
more, 4-wheel-drive (also known as 
all-wheel-drive) is being offered on 
passenger cars, and the systems with 
their all-weather safety and traction 
advantages are far different than with 
trucks or Jeeps. 

Many trucks use very crude 4WD 
systems, some of which even require 
you to stop the vehicle before you 
can switch from rear-wheel-drive to 
4-wheel-drive. Passenger cars use 
far more sophisticated systems. 

There are two generic types of 4WD 
systems available in cars: Part-Time 
(also known as "On-Demand 4WD") and 
Full-Time 4WD. Part-Time systems use 
front-wheel drive or rear-wheel-drive 
(only two wheels being powered) for 
normal, dry-pavement driving. But, at 
the first hint of foul weather or poor road 
conditions, a simple push of a button or 
pull on a lever engages all four wheels 
for the utmost in traction and safety. 

Aside from the added traction and 
safety, one advantage of Part-Time 
4WD vs. Full-Time 4WD is its relatively 
low cost (sometimes it's less expensive 
than air conditioning). This system, 
however, does require the driver to 
choose when to engage and disengage 
4WD. (It should not be used on 
dry pavement.) 

Full-Time 4WD systems are always 
engaged, so the driver never has to 
decide when to switch into or out of 
them. While there are many different 
types of systems (to provide good on- 
the-road performance, some use center 
differentials, others use hydraulic or 
viscous couplings), they all have the 
advantage of directing power to all four 
wheels all the time. The main advantages 
of Full-Time 4WD are convenience and 
better, more "neutral," dry-road han- 
dling. This convenience does come at 
ahigher cost than Part-Time 4WD; 
systems range from $1,000 to 
over $2,500. 

Two common misconceptions of 
passenger car 4WD are (1) your fuel 
mileage will be cut drastically, and (2) 
maintenance costs are higher. The truth 
is that while both systems get slightly 
less fuel economy than 2-wheel drive, it 
is usually only one to three mpg less. 
And modern 4WD systems require no 
more maintenance than a front-drive car. 

In all cases, the added safety advan- 
tage of powering all four wheels makes 
a marked difference in acceleration, 
braking and cornering. 

When choosing between 4WD and 
2WD, consider which system can 
provide safety through snow, ice and 
slippery roads. Four-wheel-drive is 
clearly the choice. 


ү, fu A 


| M 
|. Subaru 4 Wheel Drive is designed to 
keep you on the road regardless of the con- 
| ditions. In fact, we feel so sttonply about 
the traction it gives, we offer 4 wheel drive 
 onevery car we build. So there's. no reason 
to think-of itas something found only 

on trucks. 
And over the years, we ve offered every- 
| 
| 


thing from the "On Demand "" 4 wheel № 


drive system to a new state-of-the-art Full 
lime 4 Wheel Drive system. 
What's more, a Subaru with 4 wheel drive 
is reasonable to buy, maintain and operate. 
| Not to mention, Subaru is the number one 
| 4 wheel drive car in America.* Subaru, 
| the car that keeps hazardous road 3 
conditions from turning into ЖЕ 0 
, hazardous driving conditions. , === 


SUBARU 


We built our reputation by building a better car. 


4 


*Based on RL: Polk Registration counts as of 
. July 1, 1986. 6SUBARU OF AMERICA, INC, 1988 
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“STOCK UP 
ann PLUGS ; PAT ee | Oil Filter x P s 
| | | * D WE X 
AND SAVE 05 | | "Aw * — M nm 
MUCH AS $780." 
LI "Ne Ф 


— Chuck Yeager 


Now’s the time to get your car running right without emptying your wallet. 
With money-back offers on AC Spark Plugs, Air and Oil Filters. 
The copper-cored electrodes in AC plugs dissipate heat and resist fouling 
better than conventional electrodes. And between May 15 and July 16, get back 35¢ 
on each plug (limit eight). 
During this time you can also save $1.00 on each AC Oil Filter (limit two) and $1.50 on AC Air Filters 
(limit two). AC Oil Filters are designed to protect gasoline engines for up to 15,000 miles, and 
AC Air Filters for up to 30,000 miles. Check your owner's manual for your 
car's recommended change intervals. 
For a nearby AC-Delco retailer with rebate details, just give me a call 


at 1-800-AC-DELCO. ITI MOTORS "CORPORATION 


AC-DELCO. THEY DOMT JUST FIT. THEY MATCH. 
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Starting here, the 1988 summer travel section brings you the 
300 top science and technology attractions in the United 
States—and a look at the 1988 recreational vehicles that 
can get you there in style. 


t takes AARON, a computer program written by San Diego artist Harold 
| Cohen, about an hour to draw a picture of a human figure in a garden. 
| AARON is on display at The Computer Museum in Boston, where you 

can also see a one-legged robot that moves by hopping, a computer that tells 
you what type of wine to serve with a meal, and the world's first minicomputer. 

The Computer Museum is just one of many museums, science centers, 
military installations, industrial and power 
plants, and observatories that are open 
to the public. 

In the transportation category, for 
example, you'll find the Henry Ford 
Museum near Dearborn, Mich. Near- 
by Greenfield Village contains the 
laboratory where Thomas Edison in- 
vented the electric light and more than 
1,000 other patented devices. The shelves 
are even stocked with Edison's books, in- 
cluding bound volumes of POPULAR SCIENCE. 

If you're planning a vacation, check the tra- 
vel map for science and technology attractions 
in the area. The symbols are keved to eight cate- 
gories of special interest to POPULAR SCIENCE readers, 
and the numbers match the address listings. 

To avoid disappointment, call or write each place in ad- 
vance. Check the hours and admission prices, make sure 
the address hasn't changed since press time, and ask 
whether you need an appointment for a tour. 
—Паит Stévér and Cheryl M. Fiorillo 
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INTERSTATE HIGHWAYS 
PRINCIPAL ROUTES: Red, white and blue signs with 1 or 2-digit numbers. 
ma s East-west routes have even numbers. North-south routes have 
odd numbers. 
LOOP OR BELT ROUTES: These circle or bypass cities. 3-digit numbers, 
7 first number even. 


l SPUR ROUTES: These lead into cities. 3-digit numbers, first number odd. 
97 100 — 150 
BUSINESS ROUTES: Green signs. These mark routes from principal, loop 
or belt highways, to or through cities. 
lic: This map shows Interstate Highways with these symbols: € «e = 


You'll be 100% satisfied with every 104 + 
product you buy, or we'll give you a 104% 
refund. That's the new Kickgas Guarantee* 
The only one of its kind. Only from 104 + 
The world’s No. 1 brand of quality fuel 
ORDER OCTANE BOOST PRODUCTS DIRECT: 
Racing Decal. Full-color logo sticks on any clean, 
smooth surface. 4/$1. 


OCTANE BOOST CORPORATION 
Box 271148 • Dallas, TX 75227 


WARNING TO CALIFORNIA MOTORISTS: 
Real Lead 15 for boat engines ONLY. Unlawful for sale or use іп 
California as a fuel additive to any motor vehicle. Will severely damage 
motor vehicle catalytic converters, requiring replacement under Smog 

Check Program before any vehicle can be registered 


' For complete details on the Kickgas Limited Guarantee. write Octane Boost 
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TRAVEL GUIDE 


А. 
/N 
کے‎ 


AEROSPACE 


Alabama: 
1. Alabama Space & Rocket Center, 1 
Tranquility Base, Huntsville 35807 

2. U.S. Army Aviation Museum, Bldg. 

6007, Ft. Rucker 36362 
Arizona: 

3. Pima Air Museum, 6000 E. Valencia 
Rd., Tucson 85706 

4. Hamilton Aviation, 6901 S. Park Ave., 
Tucson 85706 

California: 

5. Spruce Goose--Howard Hughes Flying 
Boat, 1126 Queens Way, Long Beach 
90801 

6. Planes of Fame Air Museum, Chino 
Airport, Box 17, 7000 Merrill Ave., 
Chino 91710 

7. San Diego Aero-Space Museum, 2001 
Pan American Plaza, Balboa Park, San 
Diego 92101 

8. NASA Ames-Dryden Flight Research 
Facility, Box 273, Edwards Air Force 
Base 93523-5000 

9. Ames Research Center, NASA-Ames 
Tour Office, Moffett Field 94035 

10. Silver Wings Aviation Museum, Pub- 
lic Affairs, Mather Air Force Base 
95655 

Colorado: 

11. Peterson Space Command Museum, 

Peterson Air Force Base, Colorado 
Springs 80916 
Delaware: 

12. Dover Air Force Base, 436 MAW/PA, 

Dover 19902 
District of Columbia: 

13. Smithsonian National Air & Space 
Museum, Independence Ave. & Sev- 
enth St. 5.W., Washington 20024 


All of the main engines used in space- 
shuttle missions must first be tested at 
NASA's National Space Technology 


Florida: 

14. NASA Kennedy Space Center's Space- 
port USA, Kennedy Space Center 
32899 

15. Naval Aviation Museum, U.S. Naval Air 
Station, Pensacola 32508 

16. Goodyear Blimp Visitor Center, 1500 
N.E. Fifth Ave., Pompano Beach 
33060 

idaho: 

17. Mountain Home Air Force Base, Moun- 
tain Home 83648 

lowa: 

18. U.S. National Balloon Museum, 1601 
N. Jefferson St., Box 149, Indianola 
50125 

19. Airpower Museum, Antique Airfield, 
Blakesburg 52536 

Louisiana: 

20. Wedell-Williams Memorial Aviation 
Museum, Box 394, Airport Circle, 
Patterson 70392 

Maryland: 

21. Paul E. Garber Preservation, Resto- 
ration & Storage Facility, 3904 Old 
Silverhill Rd., Suitland 20746 
NASA/Goddard Visitors Center, Green- 
belt Rd., Greenbelt 20771 
Naval Air Test & Evaluation Museum, 
3 Notch Rd., Lexington Park 20653 
Michigan: 

24. Michigan Space Center, Jackson 

Community College, 2111 Emmons 
Rd., Jackson 49201 
Mississippi: 

25. NASA's National Space Technology 
Laboratories, Visitor Center, Bldg. 
1200, NSTL 39529 

Missouri: 

26. McDonnell Douglas Prologue Room, 
McDonnell Blvd. & Airport Rd., Box 
516, St. Louis 63166 


22. 
23. 


Laboratories on the Gulf Coast. Visi- 
tors can tour the complex and view 
firings that occur during regular hours. 


Montana: 

27. Malmstrom Air Force Base & Air Park, 
341.CSG/CDR, Malmstrom Air Force 
Base, Great Falls 59402 
Aerial Fire Depot, Smokejumper Cen- 
ter, Airport Terminal, Box 6, Missoula 
59802 
Nebraska: 

29. Strategic Air Command Museum, 

2510 Clay St., Bellevue 68005 
New Jersey: 
30. Aviation Hall of Fame, Teterboro Air- 
port, Teterboro 07608 
New York: 
31. National Soaring Museum, RD 3, El- 
mira 14903 . 
North Carolina: 
32. Wright Brothers National Memorial, 
Virginia Dare Trail-Bv Pass 158, Kill 
Devil Hills 27948 
North Dakota: 
33. Center for Aerospace Sciences, Tour 
Coordinator, Univ. of North Dakota, 
Box 8216, Universitv Station, Grand 
Forks 58202 


Ohio: 
NASA-Lewis Research Center/Visitor 
information, 21000 Brookpark Rd., 
MS 8-1, Cleveland 44135 

35. U.S. Air Force Museum, Wright-Pat- 
terson Air Force Base 45433 

Neil Armstrong Air & Space Museum, 
l-75 & Bellefontaine Rd., Wapakoneta 
45895 

Pennsylvania: 

37. The Mid-Atlantic Air Museum, Read- 
ing Municipal Airport, Reading 19603 

South Carolina: 

38. Florence Air & Missile Museum, U.S. 
Hwy. 301, N. Airport Entrance, Flor- 
ence 29503 

South Dakota: 

39. South Dakota Air & Space Museum, 
Bldg. 2405, Ellsworth Air Force Base 
57706 

Texas: 

40. 


NASA-Lyndon B. Johnson Space Cen- 
ter, NASA Rd., Houston 77058 
Confederate Air Force Flying Museum, 
Rebel Field, Valley Int'l. Airport, Har- 
lingen 78550 

42. Fighting Air Command Flying Museum, 

Rte. 5, Hartlee Field, Denton 76205 
Virginia: 

43. NASA Visitor Center, Langley Re- 
search Center, Hampton 23665 
NASA Visitor Center, Wallops Flight 
Facility, Wallops Island 23337 

45. Marine Corps Air-Ground Museum, 

Quantico 22134-5001 
Washington: 
46. Boeing Everett Facility Industrial Tour, 
Rte. 526, Everett 98124 
47. Museum of Flight, Boeing Field, King 
County Int'l. Airport, 9404 E. Marinal 
Way S., Seattle 98108 
Wisconsin: 

48. Experimental Aircraft Association Air 
Adventure Museum, 3000 Poberezny 
Rd., Oshkosh 54901 


41. 


44. 


ASTRONOMY 
Alabama: 
49. W. A. Gayle Planetarium, 1010 For- 
est Ave., Montgomery 36106 


PAINTING BY ED GLASSING 
a i 
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Scene from a recent Sky Show at the 
Hayden Planetarium in New York City. 


Arizona: 
50. 
Observatory, Arizona Hwy. 86W, Sells 
85634 
California: 
51. Palomar Observatory, Mt. Palomar 
92060 
52. Griffith Observatory & Planetarium, 
2800 E. Observatory Rd., Los Ange- 


les 90027 
Colorado: 

53. Fiske Planetarium & Science Center/ 
Sommers-Bausch Observatory, Univ. 
of Colorado, Regent Dr., Boulder | 
80309 

Georgia: 
B4. Patterson Planetarium, 2900 Wood- 


ruff Farm Rd., Columbus 31907 
Illinois: 
55. Adler Planetarium, 1300 S. Lake 
Shore Dr., Chicago 60605 
Kansas: 
56. Lake Afton Public Observatory, 25000 
W. 39th St. S., Goddard 67052 
Massachusetts: 
57. Hayden Planetarium, Science Park, 
Boston 02114 
Minnesota: 


58. Minneapolis Planetarium, Public Li- 
brary, 300 Nicollet Mall, Minneapo- 
lis 55401 
Mississippi: 
59. Russell C. Davis Planetarium, 201 E. 
Pascagoula St., Jackson 39201 
Nebraska: 


60. Hyde Observatory, 3701 S. 70th St., | 


Lincoln 68506 
Nevada: 
61. Fleischmann Planetarium, 1650 N. 
Virginia St., Reno 89557 
New Mexico: 
62. International Space Hall of Fame & 


Omni/Space Theater, Clyde W. Tom- | 


baugh Planetarium, Space Center, 
New Mexico Hwy. 2001, Alamogordo 


88310 Continued 


Kitt Peak National Optical Astronomy | 


At Armstrong, we've been 
building toughness into our 
tires for over 75 years. 

Like our Norseman All 
Season. With a road gripping 
tread, a woven aramid 
Tredloc* belting system and 
our best 40,000 mile light truck 
limited warranty.” 

See your local Armstrong 
dealer today for the tires built 
tough as a rhino. 


"For complete details contact your 
Armstrong dealer. 
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63. National Radio Astronomy Observa- 
tory, 1000 Bullock, Socorro 87801 
New York: 
64. Roberson Kopernik Observatory, 30 
Front St., Binghamton 13905 
65. Hayden Planetarium, Central Park W. 
& 79th St., New York 10024 
Oregon: 
66. Pine Mountain Observatory, Bend 
Burns Star Rte., Bend 97701 
Pennsylvania: 
67. Allegheny Observatory, Riverview Park, 
Pittsburgh 15214 
South Carolina: 
68. Gibbes Planetarium, 1112 Bull St., 
Columbia 29201 
Utah: 
69. Hansen Planetarium, 15 S. State St., 
Salt Lake City 84111 
Washington: 
70. Goldendale Observatory, 1602 Obser- 
vatory Dr., Goldendale 98620 
West Virginia: 
71. National Radio Astronomy Observa- 
tory, Rte. 28/92, Greenbank 24934 


ENERGY 
Arizona: 

72. Arcosanti, 1-17 at Cordes Junction, 
HC74 Box 4136, Mayer 86333 

73. Solar Energy Research Laboratory 
Center for Energy Systems Research, 
College of Engineering-Applied Sci- 
ences, Arizona State Univ., Tempe 
85287 

74. Environmental Research Laboratory, 
2601 E. Airport Dr., Tucson 85706 

Arkansas: 

75. Arkansas Oil & Brine Museum, Hwy. 

7, Smackover 71762 
California: 

76. Lawrence Livermore National Labora- 
tory Visitors Center, Greenville Rd., 
Livermore 94550 

Colorado: 

ТТ. Fort St. Vrain Nuclear Electric Gen- 
erating Plant, Public Service Co., Box 
840, Denver 80201-0840 

Connecticut: 

78. Connecticut Yankee Energy Informa- 
tion Center, RR #1, Box 127F, E. 
Hampton 06424 

Florida: 

79. Florida Solar Energy Center, 300 
State Rd. 401, Cape Canaveral 
32920 

Georgia: 

80. Edwin |. Hatch Nuclear Plant Visitors 
Center, Box 720, Baxley 31513 

81. Solar Total Energy Project, Georgia 
Power Co., 7 Solar Circle, Shenan- 
doah 30265 

Idaho: 
82. Experimental Breeder Reactor Num- 

ber 1, EG&G Idaho Inc., Box 1625, 

Idaho Falls 83415 

Maryland: 

83. Baltimore G&E Co. Calvert Cliffs Vis- 
itor Center, Box 1475, Lusby 20657 

Michigan: 

B4. Phoenix Memorial Laboratory, Univ. of 
Michigan, North Campus, 2301 Boni- 
steel, Ann Arbor 48109 

85. Cook Energy Information Center, Box 
115, Bridgman 49106 
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Mississippi: 

86. Waterways Experiment Station, Pub- 
lic Affairs Office, Box 631, Vicksburg 
39180-0631 

Montana: 

87. Montana-Dakota Utilities Co. Lewis & 
Clark Station Industrial Tour, Box 808, 
Sidney 59270 

Nevada: 
88. Hoover Dam, Boulder City 89005 
New Hampshire: 

89. Conservation Center, 54 Portsmouth 
St., Concord 03301 

90. Seabrook Station Education Center, 
Rte. 1, Seabrook 03874 

New Jersey: 

91. Second Sun Energy Information Cen- 

ter, Box 195, Hancock's Bridge 08038 
New York: 

92. Niagara Power Project Power Vista, 
5777 Lewiston Rd., Lewiston 14092 

93. Indian Point Energy Education Center, 
Broadway & Bleakley Aves., Buchanan 
10511 

94. The Energy Center, Lake Rd., Lycom- 
ing 13093 

North Carolina: 

95. Carolina Power & Light Co. Nuclear 
Power Visitors Center, Hwy. 87, South- 
port 28461 

North Dakota: 

96. Garrison Diversion Conservancy Dis- 
trict, Hwy. 281N, Carrington 58421 

97. A.N.G. Coal Gasification Project, 
County Hwy. 26A, Beulah 58523 

Oklahoma: 

98. Phillips Petroleum Co. Exhibit Hall, 
Phillips Bldg., Keeler & Fifth Sts., Bar- 
tlesville 74003 

Oregon: 
99. Trojan Visitors Information Center, Tro- 
jan Nuclear Plant, Rainier 97048 
Pennsylvania: 
100. Pioneer Tunnel Coal Mine & Steam 
Lokie, 19th & Oak Sts., Ashland 
17921 


Visitors touch a Van de Graaff gener- 
ator for a hair-raising demonstration 
of static electricity at the American Mu- 
seum of Science and Energy. 


South Carolina: 

101. World of Energy, Hwy. 130, Seneca 

29678 

H. B. Robinson Nuclear Information 

Center, Hwy. 151, Hartsville 29550 

South Dakota: 

103. Lake Oahe Dam Power Plant, U.S. 
Army Corps. of Engineers, Box 997, 
Pierre 57501 

Tennessee: 

104. American Museum of Science & En- 

ergy, 300 S. Tulane Ave., Oak Ridge 

37830 

Oak Ridge National Laboratory's 

Graphite Reactor, Public Relations, 

Box "X," Oak Ridge 37831-6266 

Texas: 

106. East Texas Oil Museum, Kilgore Col- 
lege, Ross St., Kilgore 75662 

107. The Petroleum Museum, 1500 l-20 
W., Midland 79701 

Washington: 

108. Grand Coulee Dam, Coulee Dam 

99133 

Hanford Science Center, 825 Jadwin 

Ave., Richland 99352 

Fast Flux Test Facility Visitor Center, 

Stephens Dr., Richland 99352 

Wisconsin: 

111. Point Beach Energy Information Cen- 
ter, 6600 Nuclear Rd., Two Rivers 
54241 

Wyoming: 

112. Accidental Oil Co., 5297 U.S. Hwy 
16, Newcastle 82701 
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102. 


105. 


109. 
110. 


California: 

113. San Diego Maritime Museum, 1306 

N. Harbor Dr., San Diego 92101 

U.S.S. Pampanito, Pier 45, Taylor St., 

Fisherman's Wharf, San Francisco 

94133 

Connecticut: 

115. U.S.S. Nautilus Memorial/Submarine 

Force Library & Museum, Box 571, 

Groton 06349 

Project Oceanology, Avery Point, 

Groton 06349 

District of Columbia: 

117. U.S. Marine Corps Museum, Marine 

Corps Historical Center, Washington 

Navy Yard, Ninth & “М” Sts. S.E., 

Bldg. 58, Washington 20374 

Navy Museum, Washington Navy Yard, 

Ninth & "M" Sts. S.E., Bldg. 76, Wash- 

ington 20374 

Illinois: 

119. Great Lakes Naval & Maritime Mu- 
seum, Navy Pier, 600 E. Grand Ave., 
Chicago 60690 

Louisiana: 

120. U.5.5. Kidd, 305 S. River Rd., Baton 
Rouge 70802 

Maryland: 

121. Calvert Marine Museum, Rte. 2, Box 
97, Solomons 20688 

122. Baltimore Maritime Museum, Pier 5, 
Pratt St., Baltimore 21202 

Massachusetts: 

123. Battleship Cove & Marine Museum, 

TO Water St., Fall River 02722 

U.5.5. Constitution & Museum, 

Charlestown Navy Yard, Charlestown 

02129 


114. 


116. 


118. 


124. 


PHOTO COURTESY OF THE MUSEUM OF SCIENCE AND INDUSTRY 


125. National Marine Fisheries Service 
Aquarium, Water St., Woods Hole 
02543 

Missouri: 

126. U.S.S. Inaugural #242, 400 L.K. Sul- 
livan Blvd. N., St. Louis 63102 

New Jersey: 

127. U.S.S. Ling Submarine, Borg Park, 
Court & River Sts., Hackensack 
07601 

New York: 

128. /ntrepid Sea-Air-Space Museum, Pier 
86, 46th St. & 12th Ave., New York 
10036 

North Carolina: 

129. 1.5.5. North Carolina Battleship Me- 
morial, Cape Fear River, 1 Eagles Is- 
land, Wilmington 28402 

North Dakota: 

130. U.S. Coast Guard Omega Navigation 
Station, RR #3, LaMoure 58458 

Rhode Island: 

131. Herreshoff Marine Museum, 18 Burn- 
side St., Bristol 02809 

South Carolina: 

132. Patriots Point Naval & Maritime Mu- 
seum, Shipside U.S.S. Yorktown, Mt. 
Pleasant 29464 

Texas: 

133. U.S. Naval Air Station, Ocean Dr., Cor- 
pus Christi 78419 

134. Battleship Texas, 3527 Battleground 
Rd., La Porte 77571 

Virginia: 

135. Norfolk Naval Station Tours, U.S. 
Naval Base, Norfolk 23511 

Wisconsin: 

136. International Submariners Memorial 
& Manitowoc Maritime Museum, 75 
Maritime Dr., Manitowoc 54220 
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Arizona: 

137. Titan Missile Museum, Duval Mine 
Rd., Green Valley 85614 

Florida: 

Navy's UDT-Seal Museum, 3300 N. 

A1A, N. Hutchinson Island, Ft. Pierce 

34949 


138. 


= 
-—— = = 
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Visitor peers inside model of a heart at the Museum of Science and Industry. 


139. U.S. Air Force Armament Museum, 
100 Museum Dr., Eglin Air Force Base 
32542-5000 

New Mexico: 

140. National Atomic Museum, Kirtland Air 
Force Base E., Bldg. 20358, S. Wyo- 
ming Blvd., Albuquerque 87115 

New York: 

141. West Point Museum, U.S. Military 
Academy, Thayer Hall, West Point 
10996 

Texas: 

142. U.S. Army Air Defense Artillery Mu- 

seum, Ft. Bliss, Pleasanton Rd., Bldg. 

5000, EI Paso 79916 
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Alabama: 

143. Red Mountain Museum, 1421 22nd 

St. S., Birmingham 35205 

Southern Research Institute, 2000 

Ninth Ave. S., Birmingham 35255- 

5305 

George Washington Carver Museum, 

1212 Old Montgomery Rd., Tuskegee 

Institute 36088 

Arkansas: 

146. Mid-America Museum, 400 Mid- 
America Blvd., Hot Springs 71901 

California: 

147. George C. Page La Brea Discoveries 

Museum, Hancock Park, 5801 Wil- 

shire Blvd., Los Angeles 90036 

san Diego Space & Science Founda- 


144. 


145. 


148. 


tion/Reuben H. Fleet Space Theater | 


& Science Center, Balboa Park, 1875 
El Prado, San Diego 92101 
Exploratorium, 3601 Lyon St., San 
Francisco 94123 

California Academy of Sciences, Gol- 
den Gate Park, San Francisco 94118 
The Salk Institute, 10010 N. Torrey 
Pines Rd., La Jolla 92037 
California Museum of Science & In- 
dustry, 700 State Dr., Los Angeles 
90037 


149. 
150. 
151. 
152. 


Continued | 


ae — 2 i dual 


At Armstrong, we've been 
building toughness into our 
tires for over 75 years. 

Like our Five Star premium 
radial. With a road gripping all- 
season tread, an aramid-over- 
steel Durafold™ belting system 
and our best 50,000 mile 
limited warranty.* 

See your local Armstrong 
dealer today for the tires built 
tough as a rhino. 


*For complete details contact your 
Armstrong dealer. 


MAY 1988 | 53 


TRAVEL GUIDE 


153. Stanford Linear Accelerator, 2575 
Sand Hill Rd., Menlo Park 94025 

Colorado: 

154. Denver Museum of Natural History, 

20011 N. Colorado Blvd., Denver 

80205 

Dinosaur Quarry, Dinosaur National 

Monument, Dinosaur 81610 

Colorado School of Mines Geology 

Museum, 16th & Maple Sts., Golden 

80401 

Connecticut: 

157. Peabody Museum of Natural History, 
Yale University, 170 Whitney Ave., 
New Haven 06511 

Delaware: 

158. Island Field Archeological Museum & 
Research Center, RD 2, Box 126, Mil- 
ford 19963 

159. Hagley Museum, 298 Buck Rd., Wil- 
mington 19807 

District of Columbia: 

160. Explorers Hall, National Geographic 
Society, 17th & "M" Sts. N.W., Wash- 
ington 20036 

161. Smithsonian National Museum of 
Natural History, 10th St. & Constitu- 
tion Ave. N.W., Washington 20560 

Florida: 

162. Museum of Science, 3280 S. Miami 

Ave., Miami 33129 

Planet Ocean, 3979 Rickenbacker 

Causeway, Miami 33149 

Orlando Science Center, Loch Haven 

Park, 810 Rollins Ave., Orlando 

32803-1291 


155. 


156. 


163. 
164. 


165. Museum of Science & Industry, 4801 
E. Fowler Ave., Tampa 33617 

Epcot Center, Walt Disney World, Lake 
Buena Vista 32830 

Georgia: 

167. Georgia State Museum of Science & 
Industry, Room 431, Georgia State 
Capitol, Atlanta 30334 

Savannah Science Museum, 4405 
Paulsen St., Savannah 31405 


166. 


168. 


169. Science & Technology Museum of At- 
lanta, 395 Piedmont Ave. N.E., At- 
lanta 30308 

Hawaii: 


170. Bishop Museum, 1525 Bernice St., 
Honolulu 96817 

Idaho: 

171. Coeur D'Alene District Mining Mu- 
seum, 509 Bank St., Wallace 83873 

Illinois: 

172. Fermilab Particle Accelerator, Box 
500, Mail Station 206, Batavia 60510 

173. Field Museum of Natural History, Roo- 

sevelt Rd., Chicago 60605 

Museum of Science & Industry/Crown 

Space Center, 57th St. & Lake Shore 

Dr., Chicago 60637 

175. Cernan Earth & Space Center, 2000 
N. Fifth Ave., River Grove 60171 

lowa: 

176. Science Center of lowa, Greenwood- 
Ashworth Park, 4500 Grand Ave., Des 
Moines 50312 

Kansas: 

177. Отпіѕрһеге & Science Center, 220 
S. Main St., Wichita 67202 


174. 


178. Kansas Cosmosphere & Space Cen- 
ter, 1100 N. Plum St., Hutchinson 
67501 

Kentucky: 

179. Owensboro Area Natural Science Mu- 
seum, 2829 S. Griffith Ave., Owens- 
boro 42301 

Maine: 

180. Jackson Laboratory, 600 Main St., Bar 
Harbor 04609 

Maryland: 

181. Maryland Science Center/Davis Plan- 
etarium, 601 Light St., Baltimore 
21230 


182. Baltimore Museum of Industry, 1415 
Key Hwy., Baltimore 21230 
183. Agricultural Research Center, Powder 


Mill Rd., Bldg. 186, Beltsville 20705 
Massachusetts: 


184. Boston Museum of Science, Science 
Park, Boston 02114 

185. New England Science Center, 222 
Harrington Way, Worcester 01604 

186. Springfield Science Museum, 236 
State St., Springfield 01103 

Michigan: 

187. Detroit Science Center, 5020 John R. 
St., Detroit 48202 

188. Dow Chemical Co., Midland Plant of 
the Michigan Division Industrial Tour, 
Box 115, Midland 49106 

189. Impression 5 Science Museum, 200 


Museum Dr., Lansing 48933 
Minnesota: 
190. Paulucci Space Theater, Arrowhead 
Community College Region, U.S. Hwy. 


PLYMOUTH 
THE PRIDE'S 


VOYAGER, NO. 1 IN OWNER SATISFACTION; NOW OFFERS 
A NEW SPECIAL VALUE PACKAGE. FREE AUTOMATIC TRANSMISSION 
WITH A 2.5 ENGINE. A SAVINGS OF 5549. 


The Pride's Inside Plymouth Voyager. 


powerful fuel-injected 2.5 engine. 


The Pride's Inside its solid quality. Voyager 
has the highest customer satisfaction of any 
minivan, «esti or import. 

And Plymouth Voyager is the only minivan 
with a 7-year or 70,000-mile Protection Plan: 

Plymouth Voyager. The Pride's Inside. 
Before You're Inside. 


Plymouth designed it in with a special value 
package that includes automatic trans- 
mission * air conditioning * AM/FM stereo 
• rear window defroster * deluxe sound 
insulation and more. 

You save *549"* on Voyager with front- 
wheel drive, car-like handling and a 
* J.D. Power and Assoc., 1987 Compact Truck CSl/customer satisfaction with product quality and dealer service on 1986 models. **Based on traditional sticker 


price of options if purchased separately. ‘Protects engine and powertrain for 7 years or 70,000 miles and outer body rust-through for 7 years ог 100,000 miles. 
See limited warranty at dealer. Restrictions apply. **Sticker price excludes title, taxes, destination charges and luggage rack. BUCKLE UP FOR SAFETY. 
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Plasma globe at the Tommy Bartlett 
Robot World and Exploratory in Wis- 


169 & E. 23rd St., Hibbing 55746 

North Central Soil Conservation Re- 

search Laboratory, N. lowa Ave., Mor- 

ris 56267 

Mayo Medical Museum, 200 First St 

S.W., Rochester 55905 

Science Museum of Minnesota, 30 E 

10th St., St. Paul 55101 

Soudan Underground Mine State Park, 

Box 335, Soudan 55782 

Missouri: 

195. Research Reactor Facility/Edison 
Electric Dynamo/Laws Observatory. 
Univ. of Missouri, Hitt St., Phys- 


191. 


192. 
193. 


194. 


consin Dells, Wis., contains a blend of 
eight electrically charged gases. 


ics Building, Columbia 65201 
St. Louis Science Center, Forest Park, 
St. Louis 63110 

Nebraska: 

197. Univ. of Nebraska State Museum of 
Natural History/Ralph Mueller Plane- 
tarium, 212 Morrill Hall, 14th & “U” 
Sts.. Lincoln 68588 

New Jersey: 

198. Edison National Historic Site, Main 
St. & Lakeside Ave., W. Orange 07052 

New Mexico: 

199. Bradbury Science Museum, Diamond 
Dr.. Los Alamos 87545 


196. 


a мш 


10,887 Base sticker price. 51 2,304 Equipped with special value package 


including free automatic transmission. 


200. Langmuir Laboratory Visitors Center, 
Water Canyon Campground, Forest 
Rd. 235, Hwy. 60, Socorro 87801 
Institute of Meteoritics Meteorite Mu- 
seum, Univ. of New Mexico, Albuquer- 
que 87131 

New York: 

202. Buffalo Museum of Science, Hum- 
boldt Pkwy., Buffalo 14211 
Brookhaven National Laboratory Sci- 
ence Museum, Riverhead 11973 
Rochester Museum & Science Center 
Strasenburgh Planetarium, 657 East 
Ave., Rochester 14603 

Museum of Holography, 11 Mercer 
St., New York 10013 

American Museum of Natural History, 
Central Park W. & 79th St., New York 
10024 

New York Hall of Science, Flushing 
Meadows Park, 4/01 111th St., Co- 
rona 11368 

North Carolina: 

208. North Carolina Museum of Life & Sci- 
ence, 433 Murray Ave., Durham 
27704 

Schiele Museum of Natural History & 
Planetarium, 1500 E. Garrison Blvd., 
Gastonia 28053 

Ohio: 
210. 


201. 


203. 


204. 


207. 


209. 


Cleveland Health Education Museum 
8911 Euclid Ave., Cleveland 44106 
Center of Science & Industry/Battelle 
Planetarium, 280 E. Broad St., Co- 
lumbus 43215 


211. 


Continued 
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Hall of Fame Museum at the Indianap- 
olis Motor Speedway. The race cars 


212. McKinley Museum of History, Science 
& Industry, 800 McKinley Monument 
Dr. N.W., Canton 44708 

Oklahoma: 

213. Kirkpatrick Center Planetarium/Omni- 
plex, 2100 N.E. 52nd St., Oklahoma 
City 73111 

Oregon: 

214. Hatfield Marine Science Center, 2030 

S. Marine Science Dr., Newport 97365 

Oregon Museum of Science & Indus- 

try, 4015 S.W. Canyon Rd., Portland 

97221 

Pennsylvania: 

216. Museum of Scientific Discovery, 

Strawberry Square, Box 934, Harris- 

burg 17108 

Franklin Institute Science Museum/ 

Fels Planetarium, 20th St. & Benja- 

min Franklin Pkwy., Philadelphia 

19103 

Buhl Science Center, Allegheny 

Square, Pittsburgh 15212 

Wagner Free Institute of Science, 

17th St. & Montgomery Ave., Phila- 

delphia 19121 

The Carnegie Museum of Natural His- 

tory, 4400 Forbes Ave., Pittsburgh 

15213 

The Joseph Priestley House, 472 

Priestley Ave., Northumberland 17857 

Rhode Island: 

222. Roger Williams Park Museum of Nat- 
ural History, Roger Williams Park, 
Providence 02905 

South Carolina: 

223. South Carolina State Museum, 301 
Gervais St., Columbia 29201 

Tennessee: 

224. Students' Museum/Akima Planetar- 

ium, Chilhowee Park, 516 Beaman 

St., Knoxville 37914 

Cumberland Museum & Science Cen- 

ter, 800 Ridley Rd., Nashville 37203 

Texas: 

226. Discovery Center/Harrington Planetar- 
ium/Helium Monument, 1200 Streit 
Dr., Amarillo 79106 
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215. 


217. 


218. 


221. 


225. 


parked in front are former winners. 
Visitors can also tour the track. 


227. Southwest Museum of Science & 
Technology/The Science Place, State 
Fair Park, First & Martin L. King Jr. 
Aves., Dallas 75210 
Fort Worth Museum of Science & His- 
tory/Noble Planetarium, 1501 Mont- 
gomery St., Fort Worth 76107 
Houston Museum of Natural Science/ 
Burke Baker Planetarium/Museum of 
Medical Science/Gallery of Earth Sci- 
ence, Hermann Park, 1 Hermann Cir- 
cle Dr., Houston 77030 
Insights: El Paso Science Center, 303 
N. Oregon St., El Paso 79901 
Vermont: 
231. Fairbanks Museum & Planetarium, 
Main St., St. Johnsbury 05819 
Virginia: . 
232. Science Museum of Virginia/Universe 
Planetarium/Space Theater, 2500 W. 
Broad St., Richmond 23220 
Science Museum of Western Virgin- 
ia, Center in the Square, 1 Market 
Square; Roanoke 24011 
Washington: 
234. Pacific Science Center, 200 Second 
Ave. N., Seattle 98109 
235. Mount St. Helens National Volcano 
Monument Visitor Center, 3029 Spirit 
Lake Hwy., Castle Rock 98611 
Wisconsin: 
236. U.S. Forest Products Laboratory, 1 
Gifford Pinchot Dr., Madison 53705- 
2398 


233. 


TECHNOLOGY 


Alaska: 

237. N.O.A.A. Satellite Tracking Station, 1 
Eisele Rd., 13.5 Mile Steese Hwy., 
Fairbanks 99712 

Arizona: 

238. Arizona Museum of Science & Tech- 

nology, 80 N. Second St., Phoenix 

85004 

AT&T Communications Operator Serv- 

ices Group, 6633 W. Camelback, 

Phoenix 85033 


California: 

240. Lawrence Hall of Science, Univ. of 

California, Centennial Dr., Berkeley 

94720 

Foothill Electronics Museum, 12345 

El Monte Rd., Los Altos Hills 94022 

Colorado: 

242. National Center for Atmospheric Re- 
search, Oceanic & Atmospheric Ad- 
ministration, Telecommunications & 
Information Administration, 1850 
Table Mesa Dr., Boulder 80303 

District of Columbia: 

243. Smithsonian Institution Arts & Indus- 
tries Building, 900 Jefferson Dr. S.W., 
Washington 20560 

Florida: 

244. Xanadu: Home of the Future, 4800 
W. Spacecoast Pkwy., Kissimmee 
32742 

Illinois: 


241. 


245. James W. Jardine Water Purification 
Plant, 1000 E. Ohio St., Chicago 
60611 

Indiana: 


246. Wilbur H. Cummings Museum of Elec- 
tronics, Valparaiso Tech. Inst. of Elec- 
tronics, 1 Center St., Valparaiso 
46383 

Kansas: 

247. Museum of Independent Telephony, 
Dickinson County Historical Museum, 
412 S. Campbell St., Abilene 67410 

Maryland: 

248. Baltimore Center for Urban Arch- 

aelogy, 802 E. Lombard St., Balti- 

more 21202 

Public Works Museum & Streetscape, 

701 Eastern Ave., Baltimore 21202 

Massachusetts: 

250. Computer Museum, Museum Wharf, 

300 Congress St., Boston 02210 

Massachusetts Institute of Technol- 

ogy Museum, 265 Massachusetts 

Ave., Cambridge 02139 

New Jersey: 

252. U.S. Army Communications-Electron- 

ics Museum, Kaplan Hall, Bldg. 275, 

Ave. of Memories, Fort Monmouth 

07703 

Stevens Institute of Technology Ro- 

botics Lab, Public Relations Office, 

Castle Point Station, Hoboken 07030 

New York: 

254. Corning Glass Center: Corning Mu- 

seum of Glass, Hall of Science & In- 

dustry, Steuben Factory, 1 Museum 

Way, Corning 14830 

Eastman Kodak Co. Industrial Tour, 

200 Ridge Rd. W., Rochester 14615 

Erie Canal Museum, Weighlock Bldg., 

318 Erie Blvd. E., Syracuse 13202 

The Discovery Center of Science & 

Technology, 321 S. Clinton St., Syr- 

acuse 13202 

Amherst Museum/Michael F. Steffen 

Technology Center, 3755 Tonawanda 

Creek Rd., East Amherst 14051 

A.W.A. Electronic-Communication 

Museum, Village Green, E. Bloom- 

field 14469 

North Carolina: 

260. Discovery Place, 301 N. Tryon St., 
Charlotte 28202 

Oregon: 

261. Williamette Science & Technology 
Center/Lane ESD Planetarium, 2300 
Centennial Blvd., Eugene 97401 


249. 


251. 


253. 


Pennsylvania: 

262. Thomas Newcomen Library & Mu- 
seum, 412 Newcomen Rd., Exton 
19341 

Rhode Island: 

263. New England Wireless & Steam Mu- 
seum, 697 Tillinghast Rd., East Green- 

| wich 02818 

South Dakota: 

264. South Dakota School of Mines & Tech- 
nology/Museum of Geology, 501 E. 
St. Joseph, Rapid City 57701 

Texas: 

265. International Kite Museum, Sandy 

Shores Resort, 3200 Surfside, Cor- 

pus Christi 78403 

Vermont: 

266. American Precision Museum, 196 
Main St., Windsor 05089 

Virginia: 

267. U.S. Army Engineer Museum, Bldg. 
1000, Belvoir Rd. & 16th St., Fort 
Belvoir 22060 

Wisconsin: 


268. Tommy Bartlett's Robot World & Ex- 
ploratory, 560 Wisconsin Dells Pkwy., 
Wisconsin Dells 53965 

269. Discovery World: Museum of Science, 
Economics & Technology, 818 W. Wis- 
consin Ave., Milwaukee 53233 
TRANSPORTATION 

Alabama: 

270. International Motorsports Hall of | 


Fame & Museum, Talladega 35160 

Alaska: 

271. Museum of Alaska Transportation & 
Industry, Milepost 40.2, Glenn Hwy., 
Palmer 99645 

Arkansas: 

242. Museum of Automobiles, Rte. 3, Petit 
Jean Mt., Morrilton 72110 

Florida: 

273. Don Garlits Museum of Drag Racing, 
13700 S.W. 16th Ave., Ocala 32676 

illinois: 

274. Hartung's Automotive Museum, 3623 
W. Lake St., Glenview 60025 

Indiana: 

275. Indianapolis Motor Speedway Hall of 
Fame Museum, 4790 W. 16th St., In- 
dianapolis 46222 

Kentucky: 

276. General Motors Corvette Plant In- 
dustrial Tour, Box Q, Bowling Green 
42101 

Maine: 

271. Owl's Head Transportation Museum, 
Box 277, Owl's Head 04854 

Maryland: 

278. Baltimore Streetcar Museum, 1901 
Falls Rd., Baltimore 21211 


Minnesota: 


Lake Superior Museum of Transpor- 
tation, St. Louis County Heritage & 
Arts Center, 506 W. Michigan St., Du- 
luth 55802 

Minnesota Transportation Museum, 
Pioneer Station, St. Paul 55343 


National Museum of Transportation, 
3015 Barrett Station Rd., St. Louis 
63122 


Nebraska: 


287. 


Chevyland U.S.A. Auto Museum, Rte. 
2, Box 11. Elm Creek 68836 


. Radar detectors: 
Who's telling the truth? 


Nevada: 

288. William F. Harrah Automobile Mu- 
seum, 970 Glendale St., Sparks 
89431 

Palace Auto Collection, Imperial Pal- 
ace Hotel, 3535 Las Vegas Blvd. S., 
Las Vegas 89109 


289. 


Ohio: 
290. Goodyear World of Rubber, 1201 E. 
Market St., Akron 44305 

Frederick C. Crawford Auto-Aviation 
Museum, Western Reserve Historical 
Society, 10825 East Blvd., Cleveland 


44106 


291. 


Continued 


(and who's not) 


These days every maker says their radar 
detector is best. Who's telling the truth? 
It's like the movies 
You've seen how movie ads use a 
short phrase from a review to "prove" the 
movie is "THE YEAR'S BEST!" Well, some 


radar detector makers play the same game. 


279. B&O Railroad Station Museum, 2711 | | 


Maryland Ave., Ellicott City 21043 
Massachusetts: 
280. Museum of Transportation, 15 New- 
ton St., Brookline 02146 
Michigan: 
281. Henry Ford Museum & Greenfield Vil- 
lage, 20900 Oakwood Blvd., Dear- 
born 48121 
General Motors Buick City Industrial 
Tour, 902 E. Hamilton, Flint 48505 
General Motors Corp. BLC Orion In- 
dustrial Tour, Box 100, Pontiac 48033 


282. 


283. 


But we don't play games. Below are 
the overall rankings, first to last, from 
the most recent independent tests. (If 
you'd like complete, unedited copies of the 
tests, just call toll free.) 


— Popular. l 
Mechanics 


July 1987 
1s'Passport 157 Escort 


2 Escort — 2v Passport 
Maxon 

- Uniden 
Fox 

GUL 
Fuzzbuster 


BEL Quantum 
Whistler [FFF 
| e| Snooper 
Radio Shack 
Tn Whistler 
: Cobra Cobra 
Whistler BEL Vector | 
Sparkomatic Snooper Radio Shack 
għani А 
Sunkyong X". Maxon 


Car and 
Driver 

April 1987 

157 Passport 

(Escort 

not tested) 


Roundel 
June 1987 


Cobra 


Uniden 
Radio Shack 
BEL 


The experts were unanimous: Escort 
and Passport are clear winners. As for the 
other detector makers, you can find the 
ones who make the biggest claims at the 
bottom of the rankings. 


For ten years we've been designing 
and building the world's best radar detec- 
tors and backing them with the best serv- 
ice. In fact, in 1987 Car and Driver called 
us "The leader of the radar detector in- 
dustry’ But don't take their word for it. 

Try the best at no risk 

You can try Escort or Passport at no 
risk. Just call us toll free. If you call by 3 PM 
eastern time we'll ship the same day, and 
UPS shipping is free. Overnight Federal 
Express delivery is only $10 extra. 

If you're not completely satisfied within 
30 days, return your purchase. We'll refund 
all your money, including your postage. 

If you truly want the best, call us today. 


TOLL FREE 1-800-543-1608 


(Call Mon-Fri Ват-11рт, Sat-Sun 9:30am-6 EST) 


ESCOR Ї 
RADAR WARNING RECEIVER 


ESCORT $245 (0H res. add $13.48 tax) 
PASSPORT 


PASSPORT $295 (OH res. add $1623 tax) 


Cincinnati Microwave 

> Department 71658 
One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


© 1988 Cincinnati Microwave, Inc. 
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Pennsylvania: Tour, 1425 Eden Rd., York 17402 Besson Hall, ATZF-PTM, Fort Eustis 
292. Boyertown Museum of Historic Vehi- South Carolina: 23604 

cles, 28 Warwick St., Boyertown 296. Stock Car Hall of Fame, Hwy. 35 & Wisconsin: 

19512 151 W., Darlington 29532 299. Rail America: National Railroad Mu- 


293. Gast Classic Motorcars Exhibit, 421 Texas: 


Hartman Bridge Rd., Strasburg 17579 297. Pate Museum of Transportation, Hwy. 94304 
294. Railroad Museum of Pennsylvania, 377, Cresson 76035 300. Brooks Stevens Automotive Museum, 
Box 15, Strasburg 17579 Virginia: 10325 N. Port Washington Rd., Me- 


295. Harley-Davidson Motor Co. Industrial 298. U.S. Army Transportation Museum, quon 53092 


SPECIAL OFFER TO 
POPULAR SCIENCE READERS 


MEN M m а Ды 


POPULAR SCIENCE 
BOX 280 
BABYLON, N.Y. 11702 


Please send me the 1988 Popular Science Travel Map 
and Road Atlas. | enclose $3.95 (check or money order, 
no cash). 
Name 
Address 
City 

| State РР 
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: ASSEMBLE AN OLD MEMORY WITH... | 


| A NEW POINT 


Take the best of the 1955 Porsche 
356A... add sass, a racy personality... 


make it easy-to-assemble, and you've CALL TODAY - TOLL FREE 


re-created a legend for less than you'd 


never ger tider. mv just Ger 1-800-252-7742 


n CLASSIERI ©1987, Classic Motor Carriages 


h CLASSIC MOTOR CARRIAGES 
boy 16650 N.W. 27th Avenue, P.O. Box 10 
M/ Miami, Florida 33054, (305) 625-9700 
ef Hours: Моп. - Thur. 9 AM - 11 PM 
' Fri. 9 AM - 9 PM, Sat. 9 AM - 5 РМ 
== Sun. 11 AM - 11 PM 
Enclosed is $1.00 for each full color brochure and 
consumer buying guide for Replica assembly: 
Gazelle..— 1 Classic SpeedsterC. 1 1. 
Please charge my: LI Mastercard CL) visa LI Am. Exp. 
AECE NO. CE. Date. — 
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seum, 2285 S. Broadway, Green Bay 


You can get a free 18-by-26'2-inch enlarged copy of the 1988 Travel Map, folded 
to store in your glove compartment, when you buy the new POPULAR Science Road 
Atlas for $3.95. This handy travel duo will help you plan your vacation. The 80-page 
road atlas is printed in full color with easy-to-read type and symbols that empha- 
size everything travelers need to know. Included 
are: 

e Maps of all 50 states, 10 Canadian provinces, 
and Mexico 

e Full-color relief map of North America 

e Maps of 35 major cities 

e Weather maps of the U.S. showing average sun- 
shine, rainfall, snowfall, temperature, and humidity 
e Transcontinental mileage chart 

e Easy-to-use map index on each page includes 
populations of cities and towns 


SPACE CENTER 


TOP OF NM HWY 2001 
ALAMOGORDO, NM 88310 


Look for our 
| displays in over 
50 major 
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airports. 


FEATURES 
FOUR FLOOR SPACE MUSEUM 
OMNIMAX® THEATER 
AIR AND SPACE PARK 
ASTRONAUT MEMORIAL GARDEN 
SHUTTLE CAMP 2001 


1-800-545-4021 out-of-state or 
1-800-634-6438 in-state 
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For $245-$353/month 
you can put yourself 

behind the wheel of a 28 ft. 
Offshore Cruiser.* 

Average retail price range: 
$25,550-$37,750** 


For $92-$175/month 
you can go for the lunkers on 
your own 18 ft. 

Bass Boat.* 

Average retail price range: 
$6,500-$15,200** 


For $178-$312/month 
you can escape on a 22 ft. 
Cuddy Sailer.* 

Average retail price range: 
$12,890-$34,300** 


| FIND OUT HOW AFFORDABLE 
OWNING YOUR OWN BOAT CAN 
BE AT YOUR LOCAL BOAT SHOW. 


GET YOUR FREE FACT-FILLED 

BOOKLET, "THE STEP BY STEP GUIDE 
TO AFFORDABLE BOAT BUYING" AND ا اا‎ 
FIND OUT HOW TO MAKE YOUR BOAT- js made buying 
TO: NMMA, DEPT. PS, 401 N. MICHIGAN 


AVE., CHICAGO, IL 60611 
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*Monthly cost of ownership figures based on 2096 downpayments and average finance 
rates and terms from nationwide sample of lending institutions polled Fall 1987. 
* * Retail price ranges based on nationwide manufacturer sample and include price of 
outboard or sterndrive engines where applicable. 


BOATS | 


RANGERTRAIL 
TRAILERS - 


8 А y | THE PERFORMANCE AND DEPENDABILIT Y 
РТА, и T] A YOU DESERVE! 


If YouThink This Boat 
Looks Exciting, Youve Only 
Skimmed The Surface. 


We know we could sell a lot of 220 Elite And its built to out-last the competition, too. 
XLs on looks alone. But look deeper If youre looking for excitement, look at 


Like all Wellcraft'sport boats, this 23-footer the company | MEN 
is designed for performance. Itout-accelerates that perfected WELLCRAF T Y 
and out-handles nearly everything in its class. it Wellcraft. The Look Of A Leader „эш. 


For a full line 56-page rage A. nd $3 (check or money order) to Wellcraft Marine. 1651 East Whitfield Avenue, Sarasota. FL 34243 To order by credit card. call 1-800-624-4860 


In Florida. l- 282-8175. All Wellcraft boats are NMMA certified € 1987 Wellcraft Marine. Wellcraft is a registered trademark of Wellcraft Marine 


sand even 
the trailer 
is standard! 


To Bavliner, com- 
plete means a fullv- 
equipped boat, perform- 
ance-matched engine and 
custom-fitted trailer...all 
at one truly affordable 
price. 

The 1750 Capri Bow- 
rider is one of nineteen Bayliner Total 
Value Packages for 1988; it delivers 
lively, economical performance, great 
looks and a boat load of features, like 
AM/FM cassette stereo, complete can- 
vas, custom swim platform and deluxe 
appointments throughout. The durabil- 
ity, serviceability and corrosion protec- 
tion of OMC Cobra® stern drive power 
is standard. 

And yes, even the trailer is in- 
cluded. 

Bayliner pioneered the idea of com- 


.- 
Th 


"im _ - 


1750 Сарп Bowrider 


plete, affordable boating outfits...and for 
1988 we offer no fewer than nine of them 
at less than $10,000*. All built with the 
kind of quality that has made Bayliner the 


hands-down value leader...and the world's Î . 


largest boatbuilder. 

With Bayliner, it's easier than ever to 
get into the fun of boating. And a big part 
of the fun is knowing you've bought the 
Dest. 

Your Bayliner dealer has the details. 
Find him in the yellow pages, or write for 
the name of the dealer nearest you. 
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POWERED BY 


OMC 


STERN DRIVES 


PERFORMANCE 
STRIKES. 


TM n " T 
ae 


"Manufacturer's suggested special pre-season 
price in effect at participating Bayliner dealers. 
Actual prices set by dealer. Taxes registration, 
freight, options and dealer prep charges extra. 
Prices may change without notice. 


Yes, l'd like to know more about Capri value for 1988...pleas 
rush me the name of my nearest Bayliner dealer. 


| Мате 
| Address Phone 
Cily Stale/Zip 


Bayliner Marine Corporation 
PO Box 24467, Dept. 058C, Seattle, WA 98124 


CB radio and e Lifetime 
digital depth Lots of leg room guaranteed 


Lockable, carpeted rod stowage lo Sounder | cleats 
secure your expensive fishing tackle 


Fore-and-alt pedestal 
seals rotale a full 360 и сч | ‚ m E 
degrees —— j E ч Wag CNET Dependable, 
| Ме Д | | IŻEN performance 
malched Force 
outboard 


Electric trolling TA 
motor with remote 
foot control — 
Exlerior-raled 
poly carpeting p 
Dual aerated 
livewells "ustom Escort Clarice ла 
nes AM/FM cassette stereo a e. xs dam. — 
rore-and-all pum 


casting piatiorms 


sand even 
the trailer 
is standard! 


Time was, buving a 
first-class bass rig was a 
first-class ordeal...you paid 
a premium for the boat, 
then added the outboard 


Your Bayliner dealer 
has the details. Find him 
in the yellow pages, or 
write for the name of the 
dealer nearest you. 
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1710 Fish-N-Ski; Boat, Motor & Trailer 


“Manufacturer's suggested special pre-season price 


engine, trailer, fish finder, aerators, Bayliner pioneered the idea of in effect for a limited time at participating Bayliner 

trolling motor, CB, stereo...all at complete, affordable boating pack- registration, freight, options and dealer prep _ 

extra cost, never mind the hassle of ages, and for 1988 we offer five Ses O наа. ыы ИР 
installation. incomparable bass boats starting as ya I'd like to know more about Bass Trophy value for 


Well, Bayliner has changed all low as $9495". All built with the | 1988..please rush me the name of my nearest Bayliner dealer. 
that, with Bass Trophy for 1988. kind of quality that has made 


One low price, one top quality, fully- Bayliner the hands-down value | Nome 
equipped bass boat. It’s all there, leader...and the world’s largest | 
engineered-in, factory-installed...and boatbuilder. Address Phone 
priced thousands less than the With Bass Trophy, it's easy to | | 
competition. go first class. And a big part ofthe | A 
And ves, even the trailer is fishing fun is knowing vou ve | РО Box 3900, Dept. 0580, Peoria, L61614 


included. bought the best. | A Brunswick Company 


RINKER 


| The Rinker family has been building runabouts for over 40 years with 
a continuous commitment to quality and value. The V170 and V180 
stand out as classic examples of this long-standing tradition. 
A loaded list of standard features; a roomy, deep interior; and sporty 

design give you good value in a great looking boat. And with a powerful 
MerCruiser engine, you get performance to match. 

Whether you're a beginner or a veteran boater, you'll appreciate the 
versatility and easy handling of the V170 and V180. 
See Rinker's running family tradition at your local dealer. 


Rinker Boat Company 


THE PERFORMANCE 207 West Chicago Street 
AND DEPENDABILITY... Syracuse, Indiana 46567 
YOU DESERVE! (219) 457-5731 


RB 1903 . 
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VERSATILITY 


The roominess of FUN DECK FISHERMAN Fish all day, cruise 
at night. 19” or 22’ never looked so big. | е 
a pontoon deck, the Never ran as quick as this unique fishing ooo Peres. € ain он 1088 
tin machine the whole family can also enjoy for | , | ——Z 
acomeration апа entertaining with over 100 square feet of 
speed you expect comfortable seating. Equipped and opened- 
up so the serious fisherman can walk a large- 
from a fishing mouth 360° around a high performance 
boat hull. modified V hull that rides stable, high and 
dry. Introduce the whole family to boating 
The versatile, HURRICANE way. 
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per a boat 
with confidence. 


D. ra 


Our free* 10-lesson public Boating Course 
is the best way to learn the basics of safe 
boating. Take it, whether you own a sail or 
powerboat, are thinking of buying one, 

or enjoy boating with friends. 


lopics include sailboat & powerboat handling, rules 
b | | | Lows = j — „те А 

of the road, QOCckine, ancnoring plotting on a chart 

compass use, trallering, weather, engine trouble 


shooting and water SKI Sdicei 


The Boating Course is taught as a public service 
in over 500 local areas. Instructors are volunteer 
members who have completed advanced courses, and 
have taught over 21% million adults & teenagers how 


to make their boating safer and more enjoyable 
Call toll-free 1-800-336-BOAT, or send for full 
information, including where the Boating Course 


will be taught in vour area. In Canada call 
I-BOU-268-35/9 
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No longer mere boxes on wheels, the latest recreational vehicles are more functional, conve- 
nient, and sophisticated in design and construction than their predecessors. Increased com- 
petition among motor-home-chassis builders will lead to additional improvements, say experts. 


By STEVEN ASHLEY 


or years General Motors Corp. dominated the engi- 
neering of big Class A motor homes because it was 
the only major chassis supplier. Now there is a defi- 
nite choice as Ford Motor Co. and Deere & Co. have 
launched chassis designs during the past few years. With 
the increased chassis choice came more design options for 
RV makers, The latest big motor homes are bristling with 
engineering improvements, including more-powerful en- 
gines and new suspensions that enhance ride and handling. 


New chassis arent the only changes | you'll find i in the 


1988 RV lineup. Wind-cheating aero | 
weight construction contribute to of ta : 
 novative body design creates a class of "b; ise 24 


1 with expanded room to store bu К V 
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“The increased competition we're seeing in the RV-chassis 
market will provide more options for both the motor-home 
builder and the consumer,” says Jerome J. Mittman, Ford's 
recreational-vehicle manager. 

John Deere’s new RV800 14,000-pound GVW chassis, 
which comes in wheelbases of 158.5 and 178 inches, is 
suitable for motor homes from 24 to 29 feet in length, 
says Connie Nichols, Deere’s chassis products sales man- 
ager. The chassis comes with a Ford 7.5-liter V8 engine 
and features a Ford three-speed automatic transmission, 
power steering, and four-wheel disc brakes. The Deere chas- 


sis sp rts a comfort-maximizing steering column with a 
tilt steerir 


g wheel . and low brake-pedal pressure to mini- 
e driver f atigu gue. TF е Баз ап 26а front axle 
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The designers of Sunrader's aerodv- Ё. lower than conventional motor-home larger models due to a specially de- 


namic Amera Cruiser have lowered the models. Nevertheless, the $42,000 RV signed chassis. The Amera Cruiser is 
cabin floor to make the coach about 2 retains much of the interior space of powered by a Dodge УЗ engine. 


Class A motor-home chassis in two 
wheelbases—178 and 208 inches— 
making it suited for 26- to 34-foot-long 
coaches, Mittman says. The 16,000- 
pound GVW bed has an electronic 
fuel-injection-equipped Ford 7.5-liter 

V8. The Ford chassis features a four- | 
speed automatic transmission, power 
steering, and four-wheel hydraulic- 
power disc brakes. Mittman says that 
the chassis's “monobeam” front axle 
and a computer-designed leaf-spring 
suspension system with a stabilizer 
bar help provide a better ride. 

GM's Chevrolet isn't standing still 
either. Jim Greene, Chevrolet's assis- 
tant manager for special vehicles, says- 
the company will introduce a 16,000- 
pound GVW chassis for 28- to 33-foot 
MEET, AN Continued 


Ford offers its new F-Super Duty | 


Coleman's $10,000 Plantation luxury camping 
trailer (above) has a drop-floor galley with a gas- 
electric refrigerator, three-burner stove and 
oven, porcelain sink, as well as generous coun- 
ter, drawer, and cabinet space. A solid wall en- 
closed shower/tub/toilet area offers a degree of 
privacy not found in other campers. 
Following in the footsteps of Fleetwood's suc- 
cessful Bounder basement-storage (raised-floor) 
motor home with its expanded under-floor car- 
rying capacity, the $50,000 Pace Arrow motor 
home (right) is the first Fleetwood product to 
incorporate the basement concept in the design 
from the start, say company officials. 
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ADVERTISEMENT 


Exciting NEW Car Wax In Colors! 


e Helps restore original 
colored beauty. 

e Eliminates swirl marks. 

e Eliminates white 
residue. 

e Covers "spiderweb" 
scratches. 

e Made with pure 

carnauba. 

No abrasives. 

Easy on, easy off. 

10 colors. 

Inexpensive ($9.95). 

Satisfaction guaranteed. 

Fast toll free number. 

e Great gift item. 


THE ONLY CAR WAX 
IN COLORS. 

Cars come in all sorts of colors. 
Color was important to you when 
you chose your car. Why not protect 
that color with a wax that comes in 
colors? After years of research, the 
KolorKey Company has patented a 
process by which color is added to 
pure carnauba wax. Now you can 
make the color of your car richer 
and deeper with the ONLY car wax 
in colors. There are ten colors to 
choose from: black, red, brown, yel- 
low, silver/gray, burgundy, green, 
navy, light blue and natural (clear). 
Choose the color that most closely 
matches your car. 

NO WHITE RESIDUE. 

Removing the swirl marks, white 
residue and powder that other waxes 
leave make waxing a tedicus task. 
With KolorKey there is absolutely 
NO white residue, NO white pow- 
der, NO swirl marks, and NO tedious 
detail work. 

CONTAINS PURE CARNAUBA 
WITH NO ABRASIVES. 

KolorKey's patented formula is 
made with only the finest grade of 
pure carnauba and contains abso- 
lutely no abrasives. KolorKey is safe 
on all types of car finishes. 


COVERS TINY SCRATCHES. 
KolorKey removes those tiny 
"haze" or"spiderweb'" like scratches 
on all colors, even on black. 


EASY ON, EASY OFF. 
KolorKey's smooth liquid car- 
nauba goes on easy and unlike 
waxes that become hard to get off 
after drying, KolorKey is easy to get 


off. Many have cut their waxing time 
in half with KolorKey. 


HOW LONG DOES 
KOLORKEY LAST? 
KolorKey leaves your car with a 
tough protective high gloss shine 
that will normally last over half a 
year. Use it 2-3 times a year for 
maximum protection. Many find 
KolorKey such a joy they wax every 
few weeks. KolorKey comes in 16 
Oz. bottles, enough for 2-3 waxes 
each. 


SATISFACTION GUARANTEED 

If you are not satisfied with any 
KolorKey product, simply return the 
unused contents to us and we will 
gladly refund your full purchase 


price. г 
HERE'S WHAT __ 
OUR CUSTOMERS SAY 
“...1 own a Porsche, and am a fanatic 
about its care. One thing that your wax 
does is take out the swirl marks from my 
car. After waxing with KolorKey, my car 
looks like it did when it left the show- 
room floor.” Bill S. - Dallas, Texas 
н. This is the best car wax І have used. 
Usually a carnauba wax is very hard to 
get off my car after it dries. KolorKey 
goes on easy and comes off easy, and 
it seems to make the color of my car look 
much deeper and richer.” 
Jack N. - Anthony, New Mexico 
" .. Lam sold on your car wax in colors. It 
is not only the best wax | have used, but 
the elimination of the white residue and 
powder on my burgundy car makes the 
waxing a joy." 
John P. - Santa Rosa, California 
“...1 have used many different brands 
of car waxes over the last 36 years, but 
since | used your KolorKey recently | 
discovered what | have been missing." 
Francis W. - Baltimore, Maryland 


NEW POLISHING CLEANER 
IN COLORS. 

If your paint is dull, faded or oxi- 
dized, or if it has tar spots or water 
spots or old wax and polish buildup, 
use our exciting new colored polish- 
ing cleaner before waxing. It con- 
tains amazing new KAOPOLITE? (a 


substance used to polish expensive 
jewelry) and it will shine new life into 
your paint. It is so gentle it cannot 
even leave a "spiderweb" scratch 
on your paint and it will not leave 
white residue or powder. It may 
save you the cost of a paint job. It 
also comes in 16 oz. bottles in the 
same 10 colors as our wax. 


NEW VINYL WAX 
IN COLORS. 

Why not protect the classy touch 
of the vinyl on your car with the only 
vinyl waxthat comes in colors. It will 
enhance the color of your vinyl and 
protect it from cracking, chipping, 
peeling, and discoloring. It will also 
protect it from the ultraviolet rays of 
the sun, dirt, grime, and soap creat- 
ingasmooth, slick, protective finish. 
You can also beautify rubber with it. 
It comes in 16 oz. bottles in six 
colors: black, burgundy, navy, brown, 
silver/gray and natural (clear). Sim- 
ply orderthe colorthat most closely 
matches your vinyl. 
DEALERSHIPS ARE AVAILABLE. 
FAST TOLL FREE NUMBER. 

For purchase or further infor- 
mation, call toll free 1-800-227-5425 
(in Colorado, call 303-772-4797) or 
send to KolorKey, 407 Del Rio Road, 
Berthoud, Colorado 80513. 

PRICES: $9.95 each + $3.00 ship- 
ping. FREE shipping on 4 or more bot- 
tles of KolorKey products. 
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'88 RVS 


motor homes. This chassis will feature 
an independent front suspension. 
Despite the emphasis on engineer- 
ing, motor-home makers havent ne- 
glected luxury living. All the comfort 
features of past models are back, plus 
something new— “basements.” Motor- 
home builders have installed bus-type 
exterior storage compartments below 
the coach floors. By raising the floor 
of a motor home above the wheel 
wells, RV designers can just about tri- 
ple a coach’s storage capacity. The 
raised floor also allows more-flexible 
cabin floor plans as well as easier ac- 
cess to under-floor utilities. "EH 


RV MAKERS 
Coleman Co., 250 N. St. Francis, Wichita KS 67201; 


ElDorado Motor Corp., Box 266, 1200 W 10th St., Minne- E SINT COUNT Ur A Te. ^ 
apolis KS 67467; Fleetwood Enterprises, Box /638, River P" ч э ial ġa. - P ay) p " „ые ' -— ^ | 
side СА 92523; Georgie Boy Mfg., Drawer Н, Edwardsburg w 2 љ : Б cL E CT —— 


М! 49112; Sportscoach Corp. of America, Вох 3300, 60! The $117,500 Sportscoach IV is the first The raised-floor design features exten- 
sidiary of Сыры Corp., 369 Kelly Rd., Vallejo cà Coachmen motor home to be developed sive use of laminated composite mate- 


94589; Winnebago, Box 152, Forest City IA 50436 on a computer-aided design system. rials and aluminum tube framing. 
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The $47,000 31-ft. Superchief basement- additional storage space. The side stor- model's Airlift Sensoride air suspen- 
type motor home is Winnebago's re- age cabinets are becoming the stan- sion system provides a smoother, qui- 
sponse to strong customer demand for dard for larger motor coaches. The eter ride with improved handling. 


Noteworthy exterior 
motor-home features in- 
clude a portable slide- 
out camp table (left) and 
a hot-and-cold-water 
outdoor shower with a 
spigot (center) on the 
Signature and Pompano 
basement models from 
Travelmasters (a Fleet- 
wood subsidiarv). The 
Georgie Bov Encounter 
basement motor home 
has a convenient under- 
step icebox (right). 


The van that can lets you and 
your family do things that 
are a no-no in smaller, less 
powerful mini-vans. 


Yes, you can enjoy the 
biggest V6 in any van 
as standard. 

Astro Passenger Van's fuel- 
injected 4.3 Liter Vortec V6 is 
the biggest V6 you can get in 
any size van. With 150 horse- 
power, Vortec V6 is easily the 
most powerful engine in Astros 
class. And it's standard. 

Yes, you can tow up to 
three tons. 

Rear-drive Astro has up to 6,000 
Ibs. of towing capacity available 
when properly equipped, includ- 


ing passengers, cargo and trailer. | 
That's more than any Ford, 
Dodge or Plymouth mini-van. 


Yes, you can seat 

up to eight. 

Astro offers available seating for 
up to eight on all trim levels. 
And you can fold down or 
snap-release the middle and 
available rear seat for many 
cargo and seating arrangements. 


Yes, you can have up 

to 151.8 cu. ft. of 

cargo room? 

Astro is compact enough for a 
family garage. Yet it lets you pack 
a load that won't fit an Aerostar 
or even a Dodge Grand Caravan 
or Plymouth Grand Voyager. 


Yes, you can... yes, you 
can... yes, you can. 
Astro also lets you swing out 
the rear doors. Load through 
a bigger side door opening 
than Ford, Dodge or Plymouth 
mini-vans. Tour with the 
largest optional fuel tank in a 
mini-van: 27 gallons. 

Test drive Chevy Astro. 
It really is the van that can. 


Comparisons based on latest available data. 
* With rear seats removed. 


by Garrison Keillor 
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We shy persons need to write а 
letter now and then, or else we'll 
dry up and blow away. It’s true. And 
[ speak as one who loves to reach 
for the phone, dial the number, 
and talk. I say, “Big Bopper here— 
what's shakin’, babes?" The tele- 
phone is to shyness what Hawaii is 
to February, it’s a way out of the 
woods, and yet: a letter is better. 


Such a sweet gift 


Such a sweet gift — a piece of 
handmade writing, in an envelope 
that is not a bill, sitting in our 
friend's path when she trudges 
home from a long day spent among 
wahoos and savages, a day our 
words will help repair. They dont 
need to be immortal, just sincere. 
She can read them twice and again 
tomorrow: You're someone I care 


about, Corinne, and think of often 
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Keillor, author of the best-selling 
books, Happy to Be Here and Lake Wobegon Days, to tell you how 
to write a letter that will bring joy into the life of someone you love. 


—— — 


How to write 
a personal lettei 


and every time I do you 
make me smile. 

We need to write, 
otherwise nobody 
will know who we 
are. They will have 
only a vague impres- 
sion of us as A Nice 
Person, because 
frankly, we dont 
shine at conversa- 
tion, we lack 
the confidence to 
thrust our faces for- 
ward and say, "Hi, 
l'm Heather Hooten, 
let me tell you about 
my week." Mostly we 
say "Uh-huh" and 
“Oh really.” People 
smile and look over 
our shoulder, looking 
for someone else to 
talk to. 

So a shy person sits down and 
writes a letter. To be known by 
another person — to meet and talk 
freely on the page — to be close 
despite distance. To escape from 
anonymity and be our own sweet 
selves and express the music of 
our souls. 

Same thing that moves a 
giant rock star to sing his 
heart out in front of 123000 
people moves us to take ball- 
point in hand and write a few 
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“If you like to receive mail as much as I do, here's one 


infallible rule: To get a letter, you've got to send a letter" and Dear Roy, 


lines to our dear Aunt Eleanor. We 
want to be known. We want her to 
know that we have fallen in love, 
that we quit our job, that we're 
moving to New York, and we want 
to say a few things that might not 
get said in casual conversation: 
thank уои for what you’ ve meant to 
me, І am very happy right now. 


Skip the guilt 
The first step in writing letters | 
is to get over the guilt of not writ- 
ing. You don't “owe” anybody a let- | 
ter. Letters are a gift. The burning 
shame you feel when you see 
unanswered mail makes it harder to 
pick up a pen and makes for a 
cheerless letter when you finally do. | 
| feel bad about not writing, but I've 
been so busy, etc. Skip this. Few 
letters are obligatory, and they are | 
Thanks for the wonderful gift and I 
am terribly sorry to hear about 
Georges death and Yes, you're wel- 
come to stay with us next month, and | 
not many more than that. Write 
those promptly if you want to keep | 
your friends. Dont worry about the — 
others, except love letters, of | 
course. When your true love writes | 
Dear Light of My Life, Joy of My 
Heart, O Lovely Pulsating Core 
i of My Sensate Life, some | 
response is called for. 
Some of the | 
best letters 
are tossed off 
in a burst of 
| # inspiration, 
7 4% 9 so keep your 
7 writing stuff 
SEM in one place | 
775 9X3 where you can 
—  sitdown fora 
few minutes 


FU 


| I am in the middle of an essay for 

| International Paper but thought I'd 
drop you a line. Hi to your sweetie too 
dash off a note to a pal. Envelopes, 
stamps, address book, everything 
in a drawer so you can write fast 
when the pen is hot. 

A blank white 8” x 11” sheet 
can look as big as Montana if the 
pens not so hot — try a smaller page 
and write boldly. Or use a note card 
with a piece of fine art on the front; 
if your letter aint good, at least 
they get the Matisse. Get a pen 
that makes a sensuous line, get a 
comfortable typewriter, a friendly 
word processor — whichever feels 


“Outrage, confusion, love — whatever is in your mind, let it find a way to the page." 


easy to the hand. 

Sit for a few minutes with the 
blank sheet in front of you, and 
meditate on the person you will 
write to, let your friend come to 
mind until you can almost see her 
or him in the room with you. 
Remember the last time you saw 
each other and how your friend 

* looked and what you said and what 
perhaps was unsaid between you, 
and when your friend becomes real 
to you, start to write. 


Tell us what you're doing 


, Write the salutation — Dear You 
— and take a deep breath and 
plunge in. À simple declarative sen- 
tence will do, followed by another 
and another and another. Tell us 
what you're doing and tell it like 
you were talking to us. Dont think 
about grammar, don't think about 
lit'rv style, don't try to write dramat- 
ically, just give us your news. Where 
did you go, who did you see, what 
did they say, what do you think? 

If you don't know where to 
begin, start with the present mo- 


ment: I'm sitting at the kitchen table 
on a rainy Saturday morning. Every- 
one is gone and the house is quiet. Let 
your simple description of the pres- 
ent moment lead to something 
else, let the letter drift gently along. 


Take it easy 


The toughest letter to crank 
out is one that is meant to impress, 
as we all know from writing job 
applications; if it’s hard work to slip 
off a letter to a friend, maybe you're 
trying too hard to be terrific. A let- 
ter is only a report to someone who 
already likes you for reasons other 
than your brilliance. Take it easy. 


* 


Dont worry about form. It’s not 
a term paper. When you come to 
the end of one episode, just start a 
new paragraph. You can go from a 
few lines about the sad state of rock 
'n roll to the fight with your mother 
to your fond memories of Mexico 
to your cats urinary tract infection 
to a few thoughts on personal 
indebtedness to the kitchen sink 
and whats in it. The more you 
write, the easier it gets, and when 
you have a True True Friend to 


write to, a compadre, a soul sibling, 
then it’s like driving a car down a 
country road, you just get behind 
the keyboard and press on the gas. 
Dont tear up the page and start 
over when you write a bad line — 
try to write your way out of it. 
Make mistakes and plunge on. Let 
the letter cook along and let your- 
self be bold. Outrage, confusion, 
love — whatever is in your mind, 
let it ind a way to the page. Writ- 
ing is a means of discovery, always, 
and when you come to the end and 
write Yours ever or Hugs and Kisses, 
you'll know something you didnt 
when you wrote Dear Pal. 


An object of art 


Probably your friend will put 
your letter away, and it'll be read 
again a few years from now — 
and it will improve with age. 
And forty years from now, 
your friend's grandkids 
will dig it out of the attic 
and read it, a sweet and 
precious relic of the an- 
cient Eighties that gives 
them a sudden clear glimpse of you 
and her and the world we old-timers 
knew. You will then have created an 
object of art. Your simple lines about 
where you went, who you saw, what 
they said, will speak to those chil- 
dren and they will feel in their 
hearts the humanity of our times. 

You cant pick up a phone and 
call the future and tell them about 
our times. You have to pick up a 
piece of paper. 
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Today, the printed word is more vital than ever. Now there is 
more need than ever for all of us to read better, write better and 
communicate better. International Paper offers this series in the 
hope that, even in a small way, we can help. 

We'll gladly send you a free reprint of das article. (We've 
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SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


Faster-acting turbos 


Turbo power has become a popular op- 
tion in this era of shrinking car en- 
gines. The tiny turbines, powered by 
engine exhaust, squeeze more fuel and 
air mix into engine cylinders to pro- 
vide faster acceleration. But they have 
one drawback: There's always a lag be- 
tween the time you floor the accelera- 
tor and.when the engine can respond 
to the extra shot of gas/fuel mix. 
Now a new generation of turbos that 
| eliminate the lag has been developed. 
| The new almost-lag-free systems spin 
| turbos up to full speed in less than a 
half-second. Dan McCosh, our Detroit 
editor, had an opportunity to test a 


turbo in California and interview the 


Giant cyclotron 


| car with a new-generation Garrett | 
| versity in Lansing recently operated 


What’s News 


heating and cooling bills [“Super- 
windows, March ’86]. “The difference 
between tight low-emissivity windows 
and leaky single-pane windows,” says 


Jack Ullrich, Andersen’s marketing 
| manager, “can amount to half of a 


building’s total annual heating and 
cooling bill.” Low-E glass has trans- 
parent metallic coatings that block ra- 
diant heat from leaking out of houses 
in winter and entering in summer. 
Though low-E glass is more expensive, 


the small difference will be paid for | 
in three to five years in lower energy | 


costs, Ullrich claims. 


Scientists from Michigan State Uni- 


a quarter of a mile of the tunnel had 
been dug, leaving 30 miles to go. It’s 
scheduled to open in May 1993. 


High-oxygen fuels 


Denver's experiment with high-oxygen 
fuels came to a quiet close at the end 
of February. Now officials of the Colo- 
rado Air Quality Commission must as- 
sess the results of the project, which | 
did not produce the disasters predicted - 
by opponents of the experiment. The 
epidemic of clogged fuel injectors and 
stalled cars never materialized as ve- 
hicles burned the experimental fuels | 
last winter. Denver motorists had to 
burn either an ether-based or ethanol- 
based gasoline blend that brought the | 
oxygen level of the fuel up to 1.5 per- 


the world's highest-energy cyclotron 
at the National Superconducting Cy- 
clotron Laboratory. 

In the first tests, charged nuclei of 
helium 3 were injected into the cen- 
ter of the cyclotron and electrically 
jolted into accelerating to a speed of 
60,000 miles per second. Michigan 
State scientists will later extract 
beams of nuclei from the cyclotron and 
| hurl them against other nuclei, hop- 
ing to learn more about the basics of 
matter. Because the new K800 cyclo- 
tron is designed to create beams of the 
heaviest elements, including uranium, 
scientists say the machine may lead 
to the discovery of new extremely 
heavy elements. 


engineers who created it. Dan's exclu- 
sive report begins on page 68. Staff 
photographer Greg Sharko took the 
cover photo. 


| Snapshot centenary 


Kodak will launch a 10-day celebra- 
tion next month to honor the 100th 
anniversary of snapshot photography. 
The big film company will see off 100 
balloons to give millions of photog- 
raphy buffs an opportunity to take eye- 
popping shots. The balloonists take off 
on June 23 from Chicago and will jour- 
ney to Kansas City and then on to St. 
Louis, where the fest will end with a 
July 4th gala weekend. Kodak says 
nearly 2,000 individual balloon flights 
are scheduled during the celebration. 
This event will actually precede the 
centennial of the birth of snapshot 
| photography: George Eastman pat- 
| ented the first Kodak box camera on 
September 4, 1888. 


Chunnel inching along 


After years of dreaming and planning, 
the great tunnel beneath the English 
Channel is finally underway [“Chun- 
nel for the Channel," May '86]. The 
pristine white cliffs of Dover have be- 
come a hive of activity as hundreds | 
of vehicles and thousands of workers 
are employed to support the giant tun- | 
neling machine actually doing the dig- 
ging. At last report the monster | 
machine was digging away nearly 33 
feet a day. It was designed to dig only 
about 16 feet a day during the early 
going. The faster pace is making up 
for time lost during a three-month "de- 
bugging" phase. At press time, about 


“Low-E” window use surging 
Conventional double-pane windows 
are losing favor with homeowners, ac- 
cording to Andersen Corp., the larg- 
est window manufacturer in the 
United States. The Bayport, Minn., 
firm says that it is making more win- 
dows with "low-E" glass than conven- 
tional glass. Low-E glass is a low- 
emissivity insulating type that cuts 


cent. Beginning in November, the proj- 
ect will be resumed, with motorists 
being required to use fuels with a two- 
percent oxygen level. As this issue 
went to press, there were no results 
available on whether the first experi- 


ment succeeded in reducing carbon | 


monoxide levels along the eastern 
slope of the Rocky Mountains. 


Seeing molecules 


A team of University of California, | 


Santa Barbara, scientists has suc- 
ceeded in getting the most detailed 
picture yet of a biological surface. The 
images obtained by the team reveal 
details one-tenth the size of those re- 
vealed by electron microscopes. Using 
a Scanning Tunneling Microscope 
(STM), the California scientists saw 
details as small as a hundred-mil- 
lionth of an inch. “While we might not 
actually get down to seeing atoms,” 
says Assistant Professor Joseph A. N. 
Zasadzinski, “we can see molecular 
features.” 

Another benefit of the STM is that 
it produces three-dimensional informa- 


| tion about the surfaces that it scans. 


Other electron microscopes only pro- 


| duce two-dimensional images. 


peer 
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NEW-GENERATION 


TURBOS 


New materials and engineering breakthroughs—high-temperature ceramic rotors 
and variable-nozzle turbines —provide superchargerlike low-end punch while strongly 
enhancing mid- and high-range responsiveness of turbochargers. 


By DAN McCOSH 
Detroit Editor 


ow much technology does it take 
M to turn a hard shove into a kick 
М in the pants? 


The question came to mind as I 
tromped on the throttle of a prototype 
Buick Grand National Regal fitted 
with a new-generation turbo- 
charger near the Torrance, 
Calif., headquarters of turbo 
manufacturer the Garrett 
Automotive Group. 

Horsepower can come on 
slow in many of today’s tur- 
bocharger systems, as the ex- 
haust gas takes time to build 
enough energy to spin the 
blower up to speed. But it 
takes only a few starts, bounc- 
ing my head off the headrest, 
to convince me that this is 
the most lag-free turbo sys- 
tem Гуе driven. At a touch 
of the gas pedal, this experi- 
mental turbocharger spins to 
full speed in a half second, 
working its magic in the com- 
bustion chamber and kicking 
the Regal from 0 to 60 mph 
in less than six seconds. The 
250-plus horsepower nearly 
overwhelms the fine points of 
the new system Garrett is 
demonstrating, but it gets the 
point across—when you put 
your foot down on the pedal, 
you go. Immediately. 

Today’s horsepower race, still fueled 
by cheap gas, continues to heat up 
in a number of areas: Exhaust-gas- 
driven turbochargers, which became 
popular in the late 1970s, are being 
challenged by new alternatives, in- 
cluding bigger engines, multi-valve 
power plants, and a handful of direct- 
drive supercharged engines ["Super- 
charging Is Back,” Jan. '87]. That's 
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Graph compares performance of a Garrett VNT-3 
ceramic-rotor turbo with a standard T-3 unit. Turbos 
were alternately installed in a 3.8-liter Buick Regal. 


why Garrett and other turbocharger 
manufacturers are developing a new 
generation of quick-response turbos. 
The new systems will incorporate 
some of the latest advances in high- 
temperature ceramics, electronics, 
and exhaust-gas flow design. And be- 
cause these new turbochargers solve 
some of the turbo’s most worrisome 
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problems, they promise to be the best 
of all worlds. 

Although none of the horsepower op- 
tions truly solves the continuing stand- 
off between economy and performance, 
turbocharging advocates have tradi- 
tionally argued that it's the best com- 
promise because the exhaust-driven 
boosters only operate near wide-open 
throttle, merely sipping gas the rest 


of the time. Some disgruntled drivers, 
however, have discovered the turbo's 
disconcerting lack of torque at low en- 
gine speeds. 

“Turbocharging works on a kind of 
bootstrap effect," Garrett's David Al- 
fano, manager, application engineer- 
ing, told me. “When you open the throt- 
tle, the exhaust works against the tur- 
bine. The boost produces ex- 
tra power, which produces 
more exhaust, and more 
boost." Aside from delayed ac- 
celeration, so-called turbo lag 
can make downshifting tricky 
with a manual transmission. 

Still, the elegant simplic- 
ity of turbocharging, both the 
mechanism and its physics, 
had tremendous appeal to en- 
gineers working to boost 
horsepower. Today's turbo- 
charger consists of a power 
turbine and a small air com- 
pressor mounted on a short 
shaft. Engine exhaust gas is 
directed through ducts to the 
turbine, which spins the cen- 
trifugal compressor at about 
180,000 rpm to pack air into 
the intake manifold. 

Despite the simplicity, 
there are some subtleties. For 
one thing, the turbo alters 
the gas flow through the en- 
gine. The turbine in the ex- 
haust system is an obstacle 
to free exhaust flow, building 
back pressure in the engine 
exhaust system. Meanwhile, pressur- 
izing the air at the manifold heats it, 
which can lead to spark knock under 
some conditions. 

Other problems stem from the blow- 
torch temperatures in the exhaust 
stream and the stresses of jetlike op- 
erating speed. The turbine shaft takes 
special bearing technology, while the 
heat in the exhaust means the tur- 
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The stainless-steel vanes around the turbine rotor open and close according to engine speed to improve drivability. 


bine itself must be made of high-tem- 
perature materials such as ceramics. 

Lastly, some mechanism must con- 
trol the boost pressure, lest it reach 
levels threatening to levitate the cyl- 
inder head. At lesser pressures, the 
combination of pressure and tempera- 
ture can cause preignition, or knock. 

Problems like these, which in some 
ways proved even more complicated 


with the new-generation systems, have 
killed off turbocharging for passenger 
cars in the past. This explains why 
turbos have enjoyed alternating peri- 
ods of popularity and disfavor. 


Turbo history 


Turbocharging was first invented in 
1905, but after an initial enthusiasm, 
exhaust-driven systems were displaced 


by gear-driven superchargers. Like- 
wise, in World War II combat air- 
craft, exhaust-driven turbochargers 
and gear-driven superchargers both 
were developed to allow high-altitude 
operations. 

Bringing turbocharging for passen- 
ger cars to its current state of devel- 
opment meant solving some signifi- 

Continued 


MAY 1988 | 69 


cant problems in metallurgy and 
high-speed bearing design. Garrett, 
one of the pioneers in early gas tur- 
bine aircraft engines, adapted ad- 
vances in metallurgy and manufactur- 
ing techniques developed for jets to 
make turbos for heavy-duty-truck and 
construction-equipment diesels in the 
early 1950s—an area where any im- 
provement in horsepower-to-weight 
ratio meant more profits. That’s why 
early development of turbocharging 
concentrated on heavy-duty diesels, 
which consume large volumes of air 
and little fuel. Diesels are also strong 
enough to take advantage of the boost, 
and aren't limited by preignition prob- 
lems as are gasoline engines. Expen- 
sive truck engines also could absorb 
the high cost of the early units. The 
result was that early experimentation 
with turbos on production cars needed 
to rely on some adaptations of small 
truck turbochargers. 

The most recent round of turbo- 
charging, which ultimately led to the 
new high-tech units, started when 
Buick adapted Garrett’s T-3 turbo- 
charger to the 1975 Buick 3.8-liter V8. 
Turbocharging quickly gained popu- 
larity in Europe and Japan, encour- 
aged by high fuel prices and tax laws 
that tended to limit engine displace- 
ment. Then Chrysler Corp., scram- 
bling to find a way to enhance power 
in premium models without investing 
in larger engines, became the largest 
user of turbochargers in the world. 

Bit by bit, turbos improved. The in- 
tercooler, an air-cooled radiatorlike de- 
vice that lowers the air temperature 
between the compressor and the en- 
gine, was adapted from trucks to pas- 
senger cars. Then came electronic 
boost-level controls, more sophisticated 
than the early systems operating di- 
rectly from manifold pressure. 

The last problem was throttle re- 
sponse, particularly when the turbo 
is large enough to stuff enough air 
into a high-revving engine efficiently. 
One quick solution to turbo lag is sim- 
ply to use an undersized turbine— 
which operates on low levels of ex- 
haust-gas flow, providing boost at lower 
rpm. This solution has become increas- 
ingly popular. But undersize turbos 
have a tendency to become asthmatic 
at high speeds, so other quick-response 
solutions are still being sought. 

The scope of the research is illus- 
trated by the discarded turbos and 
other hardware that form a kind of 
high-tech graveyard on the shelves of 
a bookcase in Alfano’s office. 

“This one was particularly interest- 
ing," he said, hefting a belt-driven su- 
percharger that used a squirrel-cage- 
like blower operating at some 25,000 
rpm. Another experiment used a small 
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hydraulic motor to accelerate the tur- 
bine wheel before the exhaust gas took 
over. Yet another attempt was an elec- 
tric drive to accelerate the shaft. 
The complexity of most of these al- 
ternatives, however, seemed at odds 
with the basic simplicity of conven- 
tional turbochargers, so Garrett zeroed 
in on improving the breed by reduc- 
ing the weight of the turbine wheel 
and squeezing more energy out of the 
exhaust system at low engine speeds. 
Alfano explained that the reduced 
mass of the turbine wheel means less 
energy is required to spin it up to op- 
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ew-gener- 
ation turbos greatly en- 
hance drivability, making 
high-performance spe- 
cialty cars out of sedate 
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erating speed. Aluminum is used on 
the compressor side of a turbocharger, 
but the 1,800-degree-F operating tem- 
perature of the exhaust side would 
turn aluminum into a puddle. A nickel 
alloy is the standard material on the 
hot side, but that makes the turbine 
wheel weigh more than the compres- 
sor wheel. 


Ceramics to the rescue 


New developments in ceramics offer 
an alternative. “We tried to redesign 
the metal wheel to reduce its weight, 
but that changed its aerodynamics,” 
Alfano said. However, Garrett engi- 
neers found that the metal wheel could 
be duplicated with silicon nitride, a 
high-strength high-temperature ce- 
ramic. Japan's Kyocera Corp. was suc- 
cessful in casting the wheels and is 
already manufacturing some in lim- 
ited volume for a Japanese-market 
Nissan. Kyocera also makes the wheel 
for Buick's GNX—a limited-volume 
version of the Grand National. 

Garrett's ceramic wheel is half the 
weight of the nickel alloy unit it re- 
places, at roughly the same dimen- 
sions. Early attempts at testing the 
wheel were prone to failure, however. 


As it turned out, most of the trouble 
came from an unexpected source. 

"Ceramics are strong but brittle," 
Alfano said, providing a clue to the 
wheel's initial failure. The bull in the 
china shop turned out to be bits of 
metal such as weld beads left in the 
exhaust manifold during manufactur- 
ing that took pot shots at the turbine. 
The solution was a small trap that col- 
lects the particles as they spin around 
the circular turbine housing, before 
they hit the turbine. 

By itself, the lightweight wheel con- 
tributes half the reduction in engine 
response time, according to Alfano. 
The remainder comes from the tur- 
bine's variable geometry. 

Stainless-steel vanes form a petal- 
like cluster around the turbine wheel. 
The flaps close at low engine speeds 
and open when the revs build. The 
vanes increase the gas velocity at slow 
speeds. "The effect is the same as 
when you close down the nozzle on 
your garden hose," Alfano said. 

There is a drawback to the garden- 
hose-nozzle approach, however. In the 
closed position, the vanes constrict the 
exhaust system— which cuts engine 
power just as the turbine wheel is 
called on to accelerate. In the extreme, 
the turbo spins up but the engine is 
choked off. It takes some clever con- 
trol-system engineering to effect a 
proper compromise. 

“You have to engineer for the opti- 
mum point. Actually, it's based on 
feel... what the driver feels when he 
drives the car," Alfano said. 

I spent a weekend driving an ex- 
perimental Merkur XR4 Ti equipped 
with a turbocharger with only the 
variable-nozzle and ceramic turbine 
wheel—a T-25 unit significantly 
smaller than the stock T-3 turbo used 
on the conventional Merkur. Boost 
builds about as fast as the automatic 
transmission downshifts on the high- 
way, making the combination extreme- 
ly responsive. 

Despite the effectiveness of the set- 
up, there is room for further devel- 
opment. Alfano notes that a direct 
electronic actuator for the variable 
vanes would be more effective. Low- 
friction bearings with a separate oil- 
ing system—and, of course, ceramics 
—are also being considered. 

But the main drawback is the cost 
—more than double that of a con- 
ventional turbocharger. About half the 
increment is due to the cost of the ce- 
ramic turbine rotor: Current produc- 
tion of volume ceramic components 
takes lengthy testing procedures, 
which increase their cost. The vari- 
able-nozzle mechanism accounts for 
the other half. 

The result is that the system is 
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The Garret compact-frame turbocharg- 
er model T-25 is being developed in a 
variety of configurations (left to right 


likely to be limited to a handful of spe- 
cialized cars that demand both top-end 
performance and low-speed accelera- 
tion. A limited-run Dodge Shadow 
modified by Carroll Shelby featuring 
the variable-geometry turbine was on 
display at this spring’s auto-show cir- 
cuit and is likely to be the first pro- 
duction application of a variable-nozzle 
setup. With intercooling and a special 
cylinder head designed by Britain’s 
Lotus Cars Ltd., the Shelby-modified 
engine is able to produce about 230 
horsepower., 

“We decided not to go with the ce- 
ramic wheel because we haven't com- 
pleted tests for durability,” said James 
R. Broske, senior engineer at Dodge- 
Shelby Performance Center in Whit- 
tier, Calif. 

Broske feels the variable-vane ap- 
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with cutaway showing rotors in their 
housings): conventional T-25, T-25 with 
a variable nozzle turbine (note vanes 


proach alone makes a dramatic im- 
provement in turbocharger response. 
The Dodge Shadow is expected to be 
on the market sometime in the 1989 
model year, one year before a hot new 
Dodge Daytona that is also being 
tested with a variable-vane turbo- 
charger is to arrive. 


Mapping boost 


The impact of turbocharger research 
is likely to go beyond ending turbo lag, 
however. The variable-geometry sys- 
tems are heading turbocharging down 
the road of separating the control of 
boost from engine speed, which would 
allow tailoring an intake system for 
optimum efficiency and power. Chrys- 
ler has already developed a “mapping” 
system that controls turbo boost under 
various loads. “Wide open, the vanes 


— t e 


1 
"n 1 d 


vanced-technology lightweight ceramic 
turbine rotor. 


reduce turbine speed, and you don't 
need a waste gate to control boost 
pressure," Broske said. "Also, the elec- 
tronics can sense when no boost is 
necessary, as when you're going at a 
constant speed on the highway," he 
added. 

The potential for ceramics holds 
even more promise. The turbocharger 
turbine wheel is actually a miniature 
version of a gas turbine, and experi- 
mental turbine power plants are being 
tested that could be future alterna- 
tives to the piston engine. Experience 
gained with ceramics brings an all- 
ceramic power plant even closer. 

For the present, however, the new- 
generation turbochargers greatly en- 
hance drivability, making them a log- 
ical way to build high-performance 
specialty cars out of sedate вейдапв. з] 
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HUNTING 
NEUT RINC | 


When two converted proton-decay experiments detected neutrinos: коң ib the first supernova Un 
to occur near our galaxy in four centuries, a new era of observational astronomy бй 


may help solve longstanding puzzles about the nature of the sun a ad th 


By ARTHUR FISHER 
Drawing by Barry Ross 


It's extraordinarily important.” 

That’s how John Bahcall, professor of natural sci- 
ence at the Institute for Advanced Study in Princeton, 
N.J., and a renowned neutrino hunter, characterized the 
proposed Sudbury Neutrino Observatory (SNO). The proj- 
ect is a joint U.S.-Canadian project spearheaded by a team 
of physicists at the University of California, Irvine, under 
the overall direction of Professor Frederick Reines. It will 
in effect be a giant astrophysical telescope, set deep in an 
Ontario mine, that will use 1,000 metric tons of heavy 
water to detect neutrinos both from the sun and from su- 
pernovas. And the reason for Bahcall's enthusiasm is that 
it may be able to help resolve two great scientific puzzles: 
Is there something wrong with the sun? And where is 
the missing mass in the universe? 

Neutrinos are among the most elusive and enigmatic 
entities in the bizarre world of fundamental particles. They 
are ghostly—electrically neutral, massless or virtually so, 
and therefore almost undetectable. Like other denizens of 
the particle menagerie, the neutrino's existence was pre- 
dicted before it was actually discovered. In fact, its exis- 
tence was mandated when physicists realized in the late 
1920s that the recently triumphant new discipline of quan- 
tum mechanics didn't seem to work when applied to the 
phenomenon called beta decay. 

In this form of radioactivity, an unstable nucleus emits 
an electron (a beta particle), thereby gaining a positive 
charge and turning into a new element. An unstable iso- 
tope of carbon, for example, could spontaneously decay 
into nitrogen. But the process seemed to violate several 
quantum laws, including conservation of momentum, en- 
ergy, and spin. Was beta decay a special case that defied 
all the rules, or was quantum mechanics not, after all, 
the powerfully successful theory that had given physicists 
so much confidence? 


A quantum conundrum 


Challenged to find a way out of this dilemma, the bril- 
liant Austrian theoretician Wolfgang Pauli seized on what 
he called a “desperate” solution. In 1930 he proposed that 
another particle must be emitted in beta decay, even though 
one had never been spotted. In order to balance the other- 


Te: experiment is one of the greatest of all time... 
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wise skewed quantum equations, it had ti 
neutral, massless, and have í he same spin 
Pauli’s candidate for quantum re scue was eventually 
christened by Enrico Fermi the: neutrino,” or “little et c 
tral one,” in the style of “bambino” But it was not ac 
ally detected until 1956, by two phy: damos '. 
National Laboratory, Frederick Reines and the I; 
L. Cowan Jr. jis T: £ ; 
The difficultv in snaring the сіе рой sa jis: 
Not only is the particle electrically neutral, so thatitis . . 
not swayed by magnetic fields, it impinges on othe rn nat T. E 
ter only by the weak interaction, weakest of the four forces ` $ 
of nature after gravity [“Cosmic Order,” May '83]. In praos“ 
tical terms that means a neutrino is almost Ба cial 
Only one in a 100 billion neutrinos passing through the. E 
entire mass of Earth, for example, might collide with a.: 
proton. It would take a wall of lead three light-years thick.” w Y 
to block a stream of neutrinos. n 
On that statistical basis, any apparatus designad to de... ù p 
tect neutrinos must house an enormous number of pro- 
tons if even a single interaction is to be noted. That 
typically means a great volume of water or other liquid ` 
in a vessel equipped with delicate sensors capable of rè- 
sponding to the blink of light (known as Cerenkov radia- 
tion) eventually flashed when a neutrino strikes a proton. .) 
Why bother trying to detect, with infinite pains and at 
great expense, so spectral a nonentity? Because by its very . 
nature the neutrino can reveal much about the thermo- 
nuclear furnace powering our sun, about the deaths of 
stars, and about the universe itself; cosmology and parti- 
cle physics are intimately and intricately connected. A 
messenger without equal, the neutrino travels unimpeded 
at the speed of light from the farthest recesses of space to 
Earth, its message unfiltered by intervening matter. 
1987, says Bahcall, will go down in history as the year 
of the neutrino. “It’s the first time that neutrinos from 
outside the solar system: have been captured. And it’s also 
the year in which results from the second-ever solar- 
neutrino experiment were recorded.” 
The first solar neutrino experiment was for two decades 
the only one. It was first proposed in 1964 by Bahcall and 
Raymond Davis of Brookhaven National Laboratory in New 
York, and built by Davis in 1967. Davis's detector was a _ 
tank the size of an Olympic swimming pool holding 550 
metric tons of perchlorethylene (cleaning fluid), installed 
Continued 
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tario, Canada. Photomultipler tubes · 
will record the flashes of light— Ceren- 
interactions of the neutrinos with a 


kiloton of heavy water at the core. 


kel mine in On- 
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CONCRETE 
The Sudbury Neutrino Observatory, 


"flavors" from both the sun and from Коу radiation—produced by the rare 


supernovas, will sit more than a mile 


designed to detect neutrinos of all 
underground 
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1,600 meters underground in the Homestake gold mine 
in Lead, S.D. It records the interaction of chlorine nuclei 
in the fluid with neutrinos of a certain energy only, char- 
acteristic of neutrinos thought to be generated in the ther- 
monuclear furnace at the sun’s core. 

Bahcall and other astrophysicists had developed what 
they believed to be a complete and reliable picture of the 
complex nuclear reactions deep inside the sun; a model 
that predicted the rate of neutrino interactions that should 
have been observed in the experiment. 

“We thought we knew how the sun burned its fuel, and 
how neutrinos were propagated over solar system dis- 
tances,” Bahcall says now. “So there was not much excite- 
ment over this experiment when Davis and I proposed it. 
But there’s been plenty of excitement ever since 1967, be- 
cause there has been a quite marked difference between 
my calculations and Ray’s results. The observed rate is at 
least three times lower than predicted. 

“This is probably the longest-standing basic scientific 
puzzle that I know of: a conflict between what you read in 
textbooks about how the sun shines and how we should 
therefore expect solar neutrinos to interact with detectors 
on Earth, and what is actually observed.” 

Davis's results were confirmed in 
1987 by another detector that had 
been converted from a project to seek 
out evidence of proton decay: the IMB y 
experiment (“Unstable Universe,” Dec. | 
'81]. The IMB stands for the team of | 
researchers: the University of Califor- 
nia, Irvine, the University of Michi- 
gan, and the Brookhaven National 
Laboratory. The experiment houses an 


able to confirm the accuracy of theoretical models of su- 
pernova behavior. And by examining the times of arrival 
of the neutrinos, they have been able to clarify another 
great scientific enigma: the case of the missing mass. 

For some time, astrophysicists have noted that the ob- 
served behavior of the universe—notably its rate of 
expansion—requires a strength of gravitational attraction 
that cannot be furnished by the amount of matter they 
can see. In fact, some 90 percent of the matter that should 
be there is invisible. The question has vital cosmological 
implications: the amount of mass in the universe deter- 
mines whether it's "open" — forever expanding—or "closed" — 
bound at some point to collapse upon itself. 

Where is this missing matter, the so-called “dark” (be- 
cause invisible) mass? Some astrophysicists speculate that 
if neutrinos have mass, rather than being massless as cur- 
rent theory holds, they could account for the gap. Because 
they are so abundant, they could even "close" the uni- 
verse. Soviet scientists, especially, have promulgated this 
idea, and even claim to have measured a neutrino rest 
mass of some 30 to 40 electron volts—experiments that 
have been unverified elsewhere. 

The neutrino burst from supernova 1987A provided a 
tentative check on neutrino mass. Bah- 
call and Sheldon L. Glashow of Har- 
vard used the data from the two de- 
tectors to quickly calculate that if the 
neutrinos had any mass, it could be 
no more than 11 electron volts, not 
enough to supply the missing matter. 

Like many in science, the question 
is not so easily settled. Neutrinos ac- 
tually come in three different kinds, 


enormous pool of water filling a five- ħi or “flavors,” corresponding to the three 
story-high pit in a salt mine, half a ere particles (called leptons) with which 
mile beneath the shore of Lake Erie а : they are associated. Thus there are 
in Ohio. The IMB investigators found IS something electron neutrinos, muon neutrinos, 
өз эз Кор зе буыны кез wrong either Filip, for each of these there is a cor. 
as Davis had been reporting for 20 with the sun responding antiparticle ('Antimatter/ 


years. 

“So,” says Bahcall, “there is some- 
thing wrong either with the sun or with 
the neutrinos—or with what we think 
we know about them.” 

By a lucky stroke, the converted 
IMB detector had been upgraded just 
a few months before Supernova 1987A 
blew—the first stellar explosion in a 
nearby galaxy in 383 years [“Supernova,” Sept. '87]. Thus 
it was one of only two experiments on Earth to score a 
momentous triumph: recording the only neutrinos ever 
from outside the solar system. The other one was the 
Kamiokande II detector in Japan, another proton-decay 
experiment using a large volume of water. 

Theorists calculate the total number of neutrinos spewed 
by the supernova was 10 followed by 58 zeros, equivalent 
to converting a tenth of the mass of the sun to radiant 
energy. Out of this staggering neutrino glut, a total of 19 
neutrinos were recorded on Earth, a vivid example of the 
particles' ethereal nature. (Another way of putting it, says 
Bahcall, is that every person on Earth was bombarded by 
10 trillion neutrinos passing through his body. But on av- 
erage, only one person in 10,000 had as much as a single 
atom converted by a neutrino.) 

The 19 neutrino hits were registered virtually simulta- 
neously at the two detectors on Feb. 23—11 at Kamiokande 
and eight at IMB (out of 3,000 trillion estimated to have 
passed through the IMB pool of water) By studying the 
energy spectrum of the burst, astrophysicists have been 
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antigravity," July '86]. The neutrinos 
from supernova 1987A snared in the 
IMB and Kamiokande II detectors 
were, in fact, anti-electron neutrinos. 
Neutrinos of the electron flavor are 
the only ones that are observable with 
light-water detectors, which are thus 
blind to a major portion of neutrino 
output from outside the solar system. 

And by one estimate, only one-sixth of the neutrinos 
streaming from the sun are electron flavored. “Most theo- 
ries of grand unification of the forces of nature," says 
Bahcall, “say the sun produces neutrinos of the electron 
type, but that these oscillate back and forth among the 
different flavors as they travel outward, so most would 
arrive at Earth with the ‘wrong’ flavor. This could account 
for the solar-neutrino discrepancy.” 

That's why the proposed Sudbury experiment is so sig- 
nificant. Unlike any previous detector, it will be able to 
observe both solar and supernova neutrinos in all three 
flavors, an advantage conferred by the use of heavy water 
(deuterium oxide); all three flavors interact with the deu- 
terium (heavy hydrogen) nucleus, whereas only the elec- 
tron flavor interacts observably with the hydrogen nucleus 
in normal water. The SNO will also be able to determine 
neutrino energies, direction of travel, and time of arrival— 
essential in calculations of neutrino mass. 

The SNO, if finally approved, would be located 2,073 me- 
ters deep in a nickel mine operated by INCO, Ltd., in the 
[Continued on page 115] 
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Sun-tracking solar collectors are in 

| acrylic capsules that filter out some of 
the ultraviolet rays. Fresnel lenses con- 
centrate the sunlight and separate the 
focal points of the different wave- 
lengths, preventing most of the re- 

| maining UV, plus about 60 percent of 
the infrared radiation, from entering 
the fiber-optic cable. Mostly visible 
light is thus transported. 


OPTICAL FIBER 


DRAWING BY DAN OSYCZKA 
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Model home in Tokyo sports a 19-lens  shower"—a flexible hand shower that 
collector that provides filtered sunlight spews out sunlight. The collector is 6% 
to fixtures inside, including a “sun- Ё. across and weighs 1,320 Ibs. 


Sunflower 
over Tokyo 


A Japanese inventor has teamed special op- 
tical fibers with a sun-tracking solar collec- 
tor. He’s piping sunlight for agriculture, 
aquaculture, and people. 


By V. ELAINE GILMORE 


script office building in central 

Tokyo, Magoichiro Chatani, adviser 
to La Foret Engineering & Informa- 
tion Service Co., Ltd., plucks a bright 
red fruit from a cherry-tomato plant 
and hands it to me. It is sweet, juicy, 
delicious. 

In another room African violets 
bloom in puffs of purple, pink, rasp- 
berry, and wine. And deep in the bow- ' 
els of the building a dozen or so 
tilapia, a large freshwater fish, swim 
in lazy circles around a cylindrical 
aquarium. Their diet: pellets made 
from algae that is grown on the floor 
above. 

Not one of these rooms has windows, 
yet the fish and plants are raised in 
sunlight—delivered to them through 
fiber-optic cables that snake through 
the building and converge at a sun- 
tracking solar collector on the roof. 

The chairman of the company is Dr. 
Kei Mori, inventor of the solar light- 
ing system that he calls Himawari, the 
Japanese word for sunflower. Piped 
sunlight could make underground, and 
even underwater, space much more us- 
able, he believes. And company tests 
indicate that this sunlight has special 
benefits. 

On the roof of the six-story build- 
ing seven acrylic bubbles perch on an 
inclined rack of tubular aluminum. 
Within each bubble are 19 hexagonal 
Fresnel lenses. Like their namesake, 
the sunflower, the lens arrays follow 
the sun. A solar cell detects the sun's 
position, Mori explains, and commu- 
nicates that to a microcomputer, which 
controls two stepping motors to point 
the collector. 

When clouds hide the sun, the com- 
puter switches the positioning func- 
tion to a clock. “With the timer we 
can only make gross adjustments,” 
Mori says. “But by doing that it is easy 
to catch the sun when it reappears 


[Continued on e 114} 
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[ п a windowless room in а nonde- 


Light piper Lorne Whitehead, inventor of the prism light 
guide, uses a giant model (a water-filled acrylic box with 
prisms on one side) and a laser to demonstrate how it works. 


INPUT WINDOW 
REFLECTOR 
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Light Pipe lighting system has a lamp at one end surrounded 
by a reflector, which directs most of the light into the Light 
Pipe within the angular range that will reflect (27.6? or less 
from the axis). Light is reflected from wall to wall within 
the Light Pipe, but at every bounce microscopic defects— 
some unavoidable and some engineered in—cause light to 
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Laser beam strikes the model, bounces between two prisms 
(here the bounce is blurred by the change in media), then 
back through the top surface. No light strikes the table. 


END MIRROR 
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escape. A mirror at the far end reflects light back into the 
tube; input window seals out dust. Reflectors on top and 
sides direct light downward; diffuser below softens it. Eight- 
in.-dia. Light Pipe, the standard, works well in lengths from 
8 to 40 ft. To make longer or shorter fixtures, you use (re- 
spectively) larger or smaller Light Pipe tubes. 


DIFFUSER 


Plastic tubes with a molded-in sawtooth pattern of prisms transport light by bouncing the 
rays internally down the tube. But some escape, so the whole tube emits light. These prism 
light guides are being used for decorative lighting, to light areas where heat and electricity 
would be a problem, and—with heliostats—to pipe daylight into the innards of an office 
building. The possibilities have barely been tapped. 


By V. ELAINE GILMORE 
Lead photo by Michael Paris 


ad Lorne Whitehead been assigned an office with a 
window, things might have turned out differently. 

But as a graduate student working on a master’s 
degree in low-temperature physics at the University of 
British Columbia in Vancouver, Canada, Whitehead was 
relegated to the basement. “I often worked eighteen hours 
a day down there, under the glare and flicker of raw 
fluorescent lights,” he recalls. “It occurred to me that per- 
haps there would be a better way to illuminate space if 
you could pipe light.” 

His ultimate dream was to pipe daylight to his dun- 
geon, but even a better-quality electric light would be an 
improvement, he figured. That was in 1978. 

In 1983 Whitehead opened the doors of a new company 
called TIR Systems Ltd., whose sole product was designed 
to do what he first dreamed of in that basement—to trans- 
port light. TIR’s Light Pipes are basically simple: just tubes 
of plastic, generally round or square in cross section, with 
a sawtooth pattern of prisms on the outside. They distrib- 
ute light from a point source at one end by reflecting it 
from wall to wall within the tube. But at every bounce a 
little light leaks out, creating a tube that is luminous all 
along its length. 

With Light Pipes just about any type of light bulb can 
be used to evenly illuminate an area—a task normally 
assigned to fluorescent tubes. In addition, the light source 
can be remote from the light emitter. Thus you can have 
light shining down (or up) from some inaccessible place 
while the bulb remains within reach for easy changing. 
In commercial buildings, that could mean quicker—thus 
cheaper—maintenance. And neither the electricity nor the 
heat has to enter the illuminated space. The former can 
be critical in hazardous areas; the latter can reduce cool- 
ing costs—a major expense in commercial buildings. 

Light Pipes even satisfy Whitehead’s ultimate dream: 
They can distribute sunlight to a windowless space. 

But getting from the concept in 1978 to the company in 
1983 was not a linear process. Whitehead’s first disap- 
pointment: “I had supposed that the reason no one was 
piping light for illumination purposes was that nobody 
had thought of it,” he relates. Hardly. He soon turned up 
an 1881 patent for such an invention. 

A second disappointment followed. Whitehead’s origi- 
nal concept, similar in principle to the 1881 invention, 
called for using interior mirrors to reflect the light from 
wall to wall down a tube. But he quickly discovered that 
wouldnt work. Mirrors just don't reflect well enough. 

"The best conventional mirrors are about ninety-five- 
percent reflective," Whitehead explains, *and most are ac- 
tually much worse." The rest of the light is absorbed. *Los- 
ing five percent at every bounce may not sound like much," 
he elaborates, “but consider that a light ray may bounce 
twenty times to get where it's going. So you dont have 
much light left by the time you get to the end.” 

His next thought was to use fiber optics to pipe light. 
Optical fibers, hair-thin threads of glass or plastic, are 
used to transport light for communications signals, to view 
Continued 
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3M’s Scotch Optical Lighting Film is 20-mil acrylic or poly- 
carbonate and comes on rolls 3712 in. wide. Unusual opti- 
cal properties of the film create a dual image of 3M optical 
physicist, Steven Saxe (top). The film's tiny prisms (close- 
up above) are smaller than the ridges on a dime. 


MAY 1988 | 77 


Decorative potential of Light Pipes has been exploited in 
discos, hair salons, boutiques—and here in the United States 
Pavilion at Expo '86, Vancouver's splashy world's fair. 


inside the body, and for other high-tech applications (see 
companion story, “Sunflower Over Tokyo,” this issue). They 
carry light efficiently because they exhibit a characteris- 
tic called total internal reflection: In theory at least, all 
of the light that enters at one end is reflected back and 
forth within the walls of the fiber until it reaches the 
other end. No light escapes through the walls and none is 
absorbed. But optical fibers large enough to carry quanti- 
ties of light would be very heavy, Whitehead soon discov- 
ered—and exceedingly expensive. 

Then he started thinking about prisms. "It is well known 
that prisms reflect light, and like fiber optics, they do so 
by total internal reflection," he explains. “Light comes in 
through one surface of the prism, hits another at an angle, 
and comes out." But that happens only to rays that strike 
the prism within a given angular range, a nasty reality 
that first led Whitehead to conclude that a prism light 
guide wouldn't work either. 

But after spending a day in his dreary office doing de- 
tailed calculations, Whitehead changed his mind. The num- 
bers showed that indeed it would work, as long as the 
angle of the entering light was properly controlled (more 
on that later). 

With help from Dr. Roy Nodwell, then head of the phys- 
ics department at the University of British Columbia, grad- 
uate student Whitehead procured a Canadian government 
grant to pursue his prism-light-guide concept. Finally, he 
formed TIR Systems (the initials stand for total internal 
reflection) to commercialize his invention. 


Sleeping with a giant 


TIR-molds the walls for Light Pipes from sheets of rigid 
acrylic plastic. Now the 3M company makes a flexible plas- 
tic film, Scotch brand Optical Lighting Film, for piping 
light as well. 

The TIR-3M connection began at an international con- 
ference on solar lighting in 1983. At the gathering, in 
Phoenix, Ariz., Whitehead gave a paper touting Light Pipe 
for transporting sunlight into buildings. In the audience 
sat Sanford Cobb, senior research specialist at 3M's Op- 
tics Technology Center in St. Paul, Minn., which was work- 
ing on a similar concept.  , 

3M, Cobb informed Whitehead, had the capability of 
producing his prism light guide as a flexible plastic film — 
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Office floor at B.C. Hydro and Power Authority headquar- 
ters in Coquitlam (near Vancouver) uses 8-in.-dia. Light 
Pipes to distribute light from high-pressure-sodium lamps. 


by the yard. So little TIR and the giant 3M teamed up. 

The drawing on the opening page shows the parts of a 
Light Pipe lighting system. Many kinds of light bulbs may 
be used: high-pressure sodium, which emit a yellow light; 
metal halide, which give a white light; and combinations 
of these two. Incandescent lights can be used where ef- 
ficiency is not important. Because the entering angle of 
the light is critical, the bulbs must be spot lights. 


The angle angle 


In his office in Burnaby, a Vancouver suburb, White- 
head handed me a sample of TIR's rigid Light Pipe mate- 
rial. One side of the '4-inch-thick panel was flat, the other 
ridged. "In cross section, each ridge is exactly ninety de- 
grees,” he explained, “so that each outside surface is at a 
forty-five-degree angle to the inside surface. Only forty- 
five-degree prisms exhibit purely total internal reflection." 

“Look at the flat side of the piece straight on," White- 
head instructed. I did and saw a distorted reflection of my 
face. “Now turn the sample a bit and look again," he con- 
tinued. This time I saw his face. The lesson: A prism light 
guide is both transparent and reflective, depending on the 
angle at which the light strikes it. 

Whitehead led me to the company's photometrics lab 
for a more scientific demonstration of this phenomenon. 
On a table in the totally black room sat a macro-model of 
a prism light guide. (That's it in the opening photograph.) 
It is an acrylic container filled with water. The top is flat, 
the bottom is rows of prisms. 

As Ann Charlton, TIR's marketing services coordina- 
tor, flicked off the lights in the room, Whitehead turned 
on a red laser. First he held the laser at a fairly acute 
angle to the Light Pipe model. “See how the ray goes in, 
reflects off the first prism side, ricochets over to the other 
side of that prism, then comes out?" he asked. There was 
some blurring of the ray because the model is not a per- 
fect light guide, but I could clearly see the laser light 
taking the path he described. 

“Now let me show you what happens if the light enters 
at the wrong angle," Whitehead continued. He raised the 
laser so that the light struck the Light Pipe model more 
directly. The ray went right through the model, forming a 
red spot on the table below. 

In order to be reflected, Whitehead told me, the light 
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Heliostats at Canadian Telecommunications near Toronto 
reflect sunlight onto overhead mirrors, which concentrate 


has to enter the prism light guide at an angle of 27.6 
degrees or less from the axis of the light guide. In other 
words, the cone of light from the bulb should form a 55.2- 
degree angle. In practice, that means spot lights are used, 
which generally direct their light in 60-degree cones— 
close enough. 

A perfect prism light guide would reflect all rays that 
entered within that 55.2-degree cone. Neither TIR’s rigid 
Light Pipe nor 3M’s Scotch Optical Lighting Film is per- 
fect, however. Both leak some light. At each bounce, one 
to ten percent of the light is transmitted, making the en- 
tire pipe glow, illuminating the space around. But unlike 
mirrors, these prism light guides absorb only about 0.1 
percent of the light per bounce, Whitehead noted. Any 
light that is absorbed is simply lost. The total length of a 
Light Pipe is limited by the amount of light that escapes 
on each: bounce. 

Could a perfect Light Pipe be made? One that didn't 
leak at all? Dr. Steven Saxe, a young optical physicist at 
3M, thinks it's possible. "If we thought there was a good 
reason to do that, we would try,” he said. “But if the film 
were perfect, you could launch light into the tube, it would 
go down to the other end, and come back. You wouldnt 
have a light fixture, you'd have a light sink," he noted 
with a grin. Indeed, 3M's current film includes "engineered 
flaws" to enhance light leakage. 


Where the pipes are 


Already Light Pipes are illuminating more than 150 
locations. At the University of British Columbia they light 
a pulp-and-paper research facility, a laboratory where ex- 
plosive chemicals are used and electrical sparks would be 
hazardous. There, the metal-halide lamps— and all elec- 
trical hookups— are in an adjacent room. Open the "lights" 
in the lab and you find only air inside. 

Light Pipes are also illuminating areas where electro- 
magnetic radiation would cause problems. That includes 
several magnetic-resonance-imaging rooms in hospitals, 
and the Alberta Research Council's electronics testing room 
in Edmonton, where even the presence of metal could skew 
test results. 

At B.C. Ice and Cold Storage, a fish-packing facility near 
the waterfront in Vancouver, Light Pipes are being used to 
illuminate the flash-freeze area— without an undesirable 


the rays and direct them into apertures below. Mirrors beam 
the light into, Light Pipes, which distribute it to offices. 


introduction of heat into the minus-30-degree-F chamber. 

From the foot of an escalator at the headquarters of the 
Insurance Corp. of British Columbia in Vancouver, TIR's 
Ann Charlton pointed to a Light Pipe that surrounds a 
skylight—five floors up. Though the Light Pipes are nearly ' 
inaccessible, the bulbs are located above a suspended ceil- 
ing in adjacent offices, she explained, so changing them 1s 
easy. Several skyscrapers, including the new Park Avenue 
Tower in New York City, use Light Pipes as accent light- 
ing around the top. 

Naturally, TIR's own offices are illuminated with Light 
Pipes. But the most interesting office installation is on 
the top floor of the Canadian Telecommunications Group's 
new facility near Toronto. There Light Pipes receive sun- 
light from an array of eight computer-controlled heliostats 
and pipe it to 2,000 square feet of windowless space. Four- 
hundred-watt metal-halide bulbs beam light into the Light 
Pipes when sunlight is inadequate. The $200,000 project 
was partly sponsored by the Canadian Department of En- 
ergy, Mines, and Resources. A drawing and photograph 
(above) detail the system. 

Whitehead and the 3M team are convinced that Light 
Pipes will become popular for residential lighting too. “I 
foresee both built-in lighting and portable lamps made of 
Light Pipe," Whitehead predicted. He illuminates his own 
home workbench with a Light Pipe. “I still dislike work- 
ing under fluorescent light," he reiterated. 

Take a night walk from Sandy Cobb's driveway to his 
front door, and you'll find your path softly illuminated by 
Light Pipes, which provide strip lighting along a 30-foot 
boardwalk. Cobb also sees the technology as ideal for soffit 
lighting, where fluorescent tubes are commonly used today. 
“Styling is important in lighting," he points out, “and here's 
an opportunity to do unique things." 

Paying the piper 

Currently, the companies are aiming Light Pipes mostly 
at commercial clients. At today's production levels, and 
even at levels 3M and TIR expect within the next few 
years, a Light Pipe installation would cost considerably 
more than a comparable fluorescent system. "If you con- 
sider that Light Pipes can eliminate a lot of wiring, the 
cost is maybe twenty percent more," Whitehead said. 
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Pedal-powered 
Since before Leonardo da Vinci’s time, humans have dreamed of taking to the skies under 
the power of their own muscles. Engineers have succeeded in building fixed-wing aircraft 
that fly on people power, but a more difficult challenge awaits—man-powered helicopter 
flight. A $25,000 prize has been offered for the first human-powered rotary-wing aircraft 


that can hover for a minute and climb to 10 feet. Several contest entrants are using ad- 
vanced design techniques and lightweight materials in their bids to be the first into the air. 


By JIM SCHEFTER 


LONG BEACH, CALIF. 

he vast overhead grid of alternating sodium- and 
T lamps casts blue- and orange-tinged 
M light throughout the cavernous McDonnell Douglas 
hangar. Dwarfed by the distant walls and acres of shiny 


Five centuries after Leonardo da Vinci sketched such a 
machine, and seven years after the American Helicopter 
Society offered the Igor I. Sikorsky Prize—now $25,000— 
for the first verified human-powered helicopter flight, the 
challenge still beckons. The money is incidental. The de- 
sire to pioneer a new realm of flight is paramount. 

The Cal Poly students have raised and spent more than 


concrete floor, the world's only shrink-wrap helicopter—a 
marvel of low-budget engineering whose plastic-foam and 
carbon-composite rotors span 138 feet tip to tip— waited 
to make aviation history. 

The goal for this weekend of flight testing was limited: 
All the one-man helicopter had to do was hover a few inches 
off the floor. The fragile design's intended maximum 
altitude—all 10 feet of it—could come later. 

And they tried. But as often occurs when an experi- 
mental aircraft is undergoing tests, things went wrong. 
A propeller shattered. A landing skid buckled. A guy-wire 
strut snapped. A string broke. 

The event: another small chapter in 
man’s enduring quest for flight. Along 
with a handful of other dreamers and 
visionaries around the world, a tal- 
ented team of engineering students 
from California Polytechnic State Uni- 
versity in San Luis Obispo was hop- 
ing to be the first into the air with a 
human-powered helicopter—one kept ee MET неч 
aloft solely by muscle power. This time Да РОИ 
they only came close. op a соле mwa 
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The Da Vinci II muscle-powered ——S кеййр | 
to become the first such machine to fly (bottom to top). 
Built by students at California Polytechnic State Uni- 
versity in San Luis Obispo, the 285-Ib. craft (with pilot) 
uses a lightweight composite structure and a 138-ft.- 
long rotor driven at 6 rpm by a prop at each blade 
tip. Each prop is turned by a string wound around 
the prop shaft, which rotates the shaft at 360 rpm as 
it is pulled. The strings feed through the rotor and 
are wound on an elliptically shaped take-up sprocket 
connected to the pedals (middle right). The elliptical 
shape minimizes power loss. Tracking of each rotor 
blade is controlled by a servo-actuated flap at each 
blade tip. A team member running under each blade 
adjusts its flap with a radio-control unit. Though the 
revolving rotor blades strained upward, Da Vinci Il 


TM e did not manage to get completely airborne. B 
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$100,000 over the vears and 
need still more to continue. 
Other long-term efforts mounted 
bv enthusiasts, including a re- 
tired pear farmer in Oregon, a 
materials engineer in California, 
and a structural engineer in 
Britain, continue on shoestring 
budgets. Even composite aircraft 
designer Burt Rutan—of the 
Vovager around-the-world flight 
fame—is said to be working 
on a late entry. Still other 
projects—in particular one in 
Japan— have already folded. 

The rules for claiming the 
prize are simple: Keep a human- 
powered helicopter in the air for 
one minute. Don't let the base 
wander outside a 33-foot (10- 
meter) circle. And at some point, 
no matter how briefly, reach an altitude of 10 feet (3 me- 
ters). A witness approved by the society must be present. 
No energy-storage devices. No lighter-than-air gases. No 
drugs or stimulants for the crew. And so far, no winners. 

It sounds easy. Didn't Paul MacCready’s human-powered 
airplane Gossamer Albatross (Dec. '78) stay up for almost 
three hours under pedal power when it crossed the En- 
glish Channel in 1979? And didn't the Massachusetts In- 
stitute of Technology's Eagle [Feb. '87] fly 36.4 miles last 
year? Compared with those feats, what's a 60-second heli- 
copter flight? 

"Plenty" says Cal Poly aeronautical engineering pro- 
fessor William Patterson, himself an experienced helicop- 
ter (powered variety) pilot. He knows. He has gone through 
three generations of students attempting to break the 


human-powered-helicopter barrier. "There are just too 
many things that can go wrong," Patterson notes. 

The students’ Da Vinci IJ almost flew one weekend this 
past November. McDonnell Douglas Corp. offered the use 
of the windless indoor space of its huge 1.1-million-square- 
foot hangar here, now being prepared for production of 
the Air Force's new C-17 cargo jet. It's one of the few build- 
ings in California large enough to accommodate Da Vin- 
cîs extraordinary rotor span. With bicyclist Andres Eulate 
pumping for all he was worth, Da Vinci hopped. Da Vinci 
tilted. Da Vinci's triangular base lifted two points off the 
ground. 

But Da Vinci didnt fly. Something continually went awry. 
It has been that way for years. Still, the students are get- 
ting an unparalleled education, and Patterson and other 
team veterans are getting closer to liftoff with each 
attempt. 

The Cal Poly team is the clear leader in the race for 
the Sikorsky Prize. Others have come and gone over the 
years. But among the determined survivors is Curtis 
Barnes of Medford, Ore. I visited the 75-year-old retired 
pear farmer and inventor to check on the progress of 
his machine. 


Backyard tinkerer 


Barnes perched shakily atop a stepladder in the field 
behind his house, wiped sweat from his brow, then leaned 
across a fragile Mylar-plastic-film-covered helicopter blade 
to refasten an errant guy wire. There wasnt enough wind 
in the 97-degree-F summer heat to blow out a match, but 
the large lightweight blades lifted and fell anyway, catch- 
ing the barest breeze and begging to fly. 

"The Tipsy Bee here is still twenty pounds overweight,” 
Barnes said, climbing down the wobbly ladder and ges- 
turing at his spindly machine's aluminum framework and 

Continued 
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The Tipsy Bee pedal-powered chopper (top) was built by 
Curtis Barnes of Medford, Ore. The dual-rotor aluminum- 
frame machine is 24 ft. long and weighs about 98 lbs. Ped- 
als turn a rod mounted below the pilot that runs outward 
to the rotor shafts and sets them spinning. The shafts are 
attached to 18'5-ft.-long 2-ft.-chord rotors. Detail (above) 
shows one of the Mylar-film-covered rotor blades up close. 
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dual rotors. “I’ve got some work to do before we try to fly 
it again.” 

Barnes has lost track of how many flights he has at- 
tempted since becoming the first person to enter the race 
in 1980. Some nearly got off the ground. “I think we lifted 
off once,” he told me, “but then it skittered sideways and 
sort of crashed.” 

His Tipsy Bee has evolved through a variety of designs, 
all built by Barnes in a cluttered machine shop 50 yards 
from the open field. In today’s version, the frame is 24 
feet across and 35 inches high. Vertical rotor shafts rise 
from each end of the frame and are topped with a pair of 
18'5-foot rotor blades. 

It's a strange-looking contraption. The pilot sits against 
the framework, midway between the two rotors, on a bi- 
cycle seat mounted above A-shaped trusses that are the 
Tipsy Bee's feet. Pedals turn a thin drive shaft that runs 
to the rotor shafts and turns them. | 

“It’s geared for thirty revolutions per minute at a three 
to one ratio,” Barnes said. “It takes ninety rpm on the 
pedals to get thirty at the blades. I couldn't find strong 
lightweight gears, so | used gears from outboard motors.” 

When he can't find commercial components, he makes 
do or makes his own. “These turnbuckles are fabricated 
from motorcycle spokes,” he told me. “And that’s piano 
wire for guy wires. The only problem is that once you get 
the wire bent, it stays bent.” 

His test pilots have included a local Medford high-school 
student, who grew out of the job when he kept gaining 
weight, and Barnes’s daughter, Robin. He expects to re- 
cruit his next pilot from a local bicycle club. 

For most testing, Barnes rigged up a robot—a battery- 
powered electric drill with a solenoid activated by a model- 
airplane radio-control system. The robot powers a chain 
that turns the pedals. 

After I had visited Barnes, he borrowed a shed and put 
the Tipsy Bee through a series of indoor tests. He also 
refashioned some of its aluminum parts, managing to cut 
its weight from 104 to 98 pounds. But he lost the shed 
when the pear harvest began. 

“It’s looking good,” he reported late last summer. “I might 
try to fly it indoors again, after I get a couple of problems 
worked out. But all of us [in the competition] have the 
same continuing trouble—you're up for five minutes of 
trying to fly, then you’re down for three months trying to 
fix what went wrong.’ 
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The Monarch I human-powered heli- 
copter (left) and its successor, Monarch 
IT (above), were built from lightweight 
composites by Mike Brace. Though 
Monarch I, which used a conventional 
10-speed bicycle transmission and an 
anti-torque deflection vane, weighed 
only 50 lbs., it did not fly. Monarch II, 
which weighed even less and had a tail 
rotor as well as a new drive train, also 
remained earthbound. 

The Hupo Helix (right) is a yet-to-be- 
built helicopter designed by Keith 
Stewart. It has a lightweight ring struc- 
ture consisting of an inflated plastic 
tube. Three rotor-blade spokes attach 
the ring to the central axis, which sup- 
ports the pilot's seat, pedals, transmis- 
sion, and undercarriage. 


UNDERCARRIAGE 


Mike Brace knows all about it. With the backing of his 
former employer, Reynolds & Taylor, a high-tech plastics 
firm in Santa Ana, Calif., he invested more than $30,000 
and several thousand hours of work into his Monarch 
pedal-powered choppers. Brace, an engineer, made exten- 
sive use of lightweight graphite and fiberglass, keeping 
the weight of Monarch I to just 50 pounds. The craft's 
four-bladed rotor and under-slung frame for the pilot's seat 
and controls gave it the look of a helicopter designed by 
Sikorsky himself. 


Float like a butterfly? 


But Monarch I didnt fly. Brace first used a conventional 
10-speed bicycle drive to power the blade and could only 
achieve about 150 pounds of lift. He needed 200 to get 
chopper and pilot off the ground. 

Monarch II incorporated a new transmission designed 
by Brace, replaced its predecessor's anti-torque deflection 
vane with a small vertical tail rotor, and shaved several 
pounds from its weight. Each of Brace's new rotor blades 
weighed just 4.95 pounds. Attached to a graphite hub, 
the 18-inch-chord blades gave a rotor diameter of 28 feet. 
Early last April, somebody left the high-bay door at Reyn- 
olds & Taylor's warehouse open. A gust of wind ripped 
into Monarch II, breaking the main rotor coupler. Even 
so, a week later Brace had it fixed and tried to fly. I talked 
to him the next day. "It hopped," he said enthusiastically. 
“But it wouldn't maintain flight because the transmission 
is too wobbly. I need to rebuild it." 

It wasnt that easy. Two months later, Brace left his job, 
taking Monarch II along with the blessing of Reynolds & 
Taylor. Hes now building Monarch III in his spare time 
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and still dreaming about the Sikorsky Prize. “I’ve cut the 
weight to forty pounds and redesigned the undercarriage,” 
he informed me this past fall. “I’m still working on it.” 


International entries 


Brace’s frustration is shared in both Britain and Japan. 
Keith Stewart’s Hupo Helix entry hasn't gotten beyond 
the design stage due to financial constraints. The British 
machine is sort of a giant inflatable Hula-Hoop with three 
rotor-blade spokes. It would be 69 feet in diameter and 
weigh just 65 pounds. 

The pilot, according to European Editor David Scott, 
would sit on a central frame pedaling a carbon-composite 
bicycle. “This would actually be a ground-effect machine 
like a hovercraft, not a true rotary-wing helicopter,” Scott 
reported. “It would function as a giant fan providing reac- 
tive upward thrust rather than lift.” 

When the pilot pedals, gears would drive the 12-inch- 
diameter tube and attached blades about the cockpit/ 
landing-gear hub. Structural stability would come from 
inflating the tube to 70 psi. As long as it was filled with 
air and not helium, it would qualify for the Sikorsky Prize. 
“A rigid inflatable tube goes even further in reducing 
weight than other structures,” Stewart told me. “The tube 
material, called Spectra from Allied Corp., weighs only a 
half-pound per square yard.” If he manages to find some 
financial backing, Stewart said, construction of the Hupo 
Helix would take about three months. He could attempt 
to fly it almost immediately. But by then, somebody else 
may have taken the prize. 

It certainly won't be the Japanese entry built two years 

Continued 
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ago by students at Nihon University in Chiba. Under the 
tutelage of lecturer, Akira Naito, the students constructed 
Mayfly, a helicopter with two long rotor blades that barely 
cleared the floor of the school’s gymnasium. The pilot sat 
on a bicycle frame rising vertically from the rotor hub. 

“The advantage of having the pilot above the blades is 
that the machine is easier to control,” Curtis Barnes told 
me. “You can move in any direction just by shifting your 
weight.” | 

The disadvantage is that it doesn't seem to fly. Barnes 
knows. One of his early designs was similar. The Japan- 
ese, however, may actually have flown once. “We heard 
that they got it off the ground, then called in news peo- 
ple," says Cal Poly's Patterson. *But they never got it off 
the ground again. You can get these darned things ad- 
justed exactly right one time and never find that spot 
again." 

Apocryphal or true, the students did in fact call in re- 
porters in early 1986. According to the Nippon Times, 
"Four students took a turn to rotate the rotor... but the 
helicopter only skidded slightly and 
never floated from the ground" 

Naito resigned his teaching post im- 
mediately afterwards and the Mayfly 
project died. 

Meanwhile, Bill Patterson and his 
current crop of aeronautical whiz kids 
may have the inside track to making 
this bit of aviation history. The mam- 
moth rotors for their Da Vinci II heli- 
copter were designed with the help of 
computers at NASA's Ames Research 
Center. Carbon-fiber-composite spars 
were built by students on filament- 
winding machines at the McDonnell 
Douglas Helicopter Co. in Mesa, Ariz. 
Former team members, graduated and 
working in the aerospace industry, 
sometimes show up on weekends to 
lend their expertise. 

Both Da Vincis are enormous. Da 
Vinci I, which began taking shape on 


Leonardo da 
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Vinci's helical-screw 


shafts for the propeller had been lost, the wings needed 
recovering, and we had to repair a lot of ribs," senior 
engineering student Rob Faye recalls. “We covered the 
rotor blades with Tedlar, a kind of translucent sheeting. 
It is very strong, shrinks a lot with heat, and smells 
terrible." 

Like the students before them, the new group failed to 
fly. *Our drive string broke constantly," senior Scott 
Larwood says. "There were lots of problems." 

^We were floundering," Faye adds. "But we didn't quit." 
One small victory was discovering a new drive string that's 
slippery and strong. (They wont say what it is for fear 
that some competitor will get ideas.) 


New blades 


The Cal Poly team also analyzed the Da Vinci I on school 
computers to see why it wouldnt fly. One group calcu- 
lated that the pilot had to put out 0.8 horsepower to get it 
off the gym floor. “We tested students who could put out 
0.72 horsepower for sixty seconds," says Patterson. “But 
nobody could get to 0.8." 

In early 1987, Patterson sent a 
group of four seniors to NASAs Ames 
Research Center, where they used 
a rotor-analysis program called 
CAMRAD. When the students varied 
their design's flight parameters, they 
discovered that they needed new blades. 
"By decreasing the chord to three feet 
and increasing the length to sixty- 
eight feet, they were able to reduce 
the horsepower requirement to 0.4,” 
Patterson says. "Our pilots can easily 
attain that." 

The new blades would turn at about 
5.8 rpm—or so they hoped— with a tip 
speed of 42 feet per second. "The tip 
speed is the secret of why this blade 
can have a smaller chord," says Pat- 
terson. "And with the larger rotor 
disc area, it takes less horsepower to 
fly it." 


student drafting tables in early 1981, 
had a 102-foot rotor span. Each of its 
50-foot blades was a single piece with 
a six-foot chord. Tubes and struts of 


human-powered helicopter (circa 1490): 
Once considered the first helicopter, it 
is now known that a toy copter de- 
signed in China dates from about 1100. 


Weight-loss program 


But overall weight would be a prob- 
lem. That issue was partially solved 


carbon composite were used to form 
the pilot's enclosure. Da Vinci П is 
similar in design. 

Getting the lengthy blades to turn required an innova- 
tive solution. They are too large to respond smoothly and 
consistently with a bicycle-type chain drive. Instead, each 
blade is powered by its own five-foot propeller, mounted 
just inboard of the blade tip. The lightweight props are made 
by pouring expandable foam into a handmade mold, vacu- 
um-bagging it to cure, then covering the prop with Kevlar 
aramid cloth. (For a description of Da Vinci's string-based 
propeller-drive system, see the caption on page 80.) 

Most testing through the years has taken place in the 
Cal Poly gymnasium, the only wind-free place big enough 
to handle the bird. "The gym is 120 feet wide," says for- 
mer student Tod Palm, now working on advanced compos- 
ites for the Northrop Aircraft Co. “Just getting the blades 
over to the gym was a real trick." 

Test after test through the mid-'80s had the same re- 
sult. Da Vinci I would scoot across the floor, but it wouldnt 
fly. Students graduated without seeing air under the ma- 
chine. The project folded. Then in late 1985, a new group 
of students revived the project. They put Da Vinci I back 
together and resumed testing the following year. "Drive 
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when engineers from McDonnell 

Douglas Helicopter Co. offered to 
teach the students how to make lightweight composite 
spars on McDonnell’s filament-winding machines. It took 
several trips to Mesa before their efforts yielded the light- 
weight spars needed. 

By mid-October, the Cal Poly team finished blade con- 
struction and limited testing in the nearby gym. The new 
blades come in 17-foot-long sections connected by sleevelike 
aluminum joints and are shrink-wrapped with Tedlar film. 
Each 68-foot blade weighs only 54:5 pounds. 

Students fabricated the blade structure from 'A4-inch plas- 
tic foam, cutting ribs and end caps to precision. For added 
strength, the foam was given an upper and lower layer of 
fiberglass cloth, bonded tightly with special lightweight 
glue. A gallon can of Dester Hysol Thermofoam glue doesn't 
weigh much more than a glass of water. "We'd be lost with- 
out this stuff," says Larwood, who's been working on the 
Da Vinci project for two years. "There's probably less than 
a pound of it in the entire machine.” End caps are sand- 
wiched with carbon-fiber sheets. 

For strength sufficient to keep the lightweight ribs from 
cracking, Larwood explains, they devised triangular foam 
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By DAN McCOSH Detroit Editor 


he twisting downhill entry to the reverse-camber left- 
| turn midway around California’s Willow Springs 

race track may be the automotive equivalent of an aero- 
batic flyer’s outside loop. It was on that tricky stretch I 
felt Ford Motor Co's new Probe leave the ghost of the 
Mustang behind. 

In a demonstration of finesse versus muscle, the Probe's 
fully independent suspension gripped just when the Mus- 
tang's live axle would have been getting skittish. As I 
exited the turn, the turbocharged 2.2-liter four-cylinder 
pulled strongly. But it never managed the head-snapping 
jolt of the Mustang five-liter V8. 

And that's the way Ford wants it. 

As recently as a year ago, this new front-drive trans- 
verse-engine sporty car was intended to replace the Mus- 
tang when the Probe came out this spring. Instead the 
Probe, which Ford developed with its Japanese affiliate, 
Mazda Motor Corp., became a car with substantially dif- 
ferent character, intended to comple- 
ment, not displace, the most popular 
sporty car ever built in the United 
States. 

The Probe's chassis is virtually iden- 
tical to that of the MX-6 coupe just 
launched by Mazda, an east-west front- 
drive car with MacPherson struts at all 
corners. The three-valve-per-cylinder 
engine produces 110 horsepower at 
4,700 rpm and 130 pound-feet of torque 


Ford-designed body, which keeps you from seeing a Jap- 
anese mirror image around the next corner. 

The Probe is a more aggressive-looking car, particularly 
in the turbo GT version, which adds an air intake vent 
above the front bumper for additional cooling. The turbo 
system also demands a beefed-up five-speed transmission, 
and the GT package is dramatically stiffer than the Probe 
in the plain white box. An electronically controlled auto- 
matic transmission with a feature that allows locking in 
particular gears is available only with the smaller en- 
gine. Electronics also control the three-position shock 
valving and a variable-speed power-steering system that 
increases boost while parking and reduces it at speed. 

The result of all this is a car that may not have killed 
off the gutsier rear-drive Mustang, but still is capable of 
giving it a hard jab in the ribs. 15 


at 3,000 rpm. This is pumped up to 
145 horsepower and 190 pound-feet 
of torque with a small-displacement 
turbocharger in the GT version. And 
turbo lag is virtually nonexistent. 
Ford stiffened the suspension slight- 
ly to reduce body roll in corners com- 
pared with the MX-6, at some expense 
in ride harshness. But the biggest dif- 
ference between the two cars is the 


The new Probe is Ford’s first high- 
performance front-drive sporty car. 
The phantom view shows its Mazda- 
built 2.2-liter engine coupled to an elec- 
tronically controlled automatic trans- 
mission that allows manual shifting. 
The 110-hp base engine uses a single 
overhead camshaft actuating three 
valves per cylinder—two intake and a 
single exhaust—via rocker arms actu- 
ating inclined valves. A turbo option 


kicks the engine’s power to 145 hp. The 
front suspension uses MacPherson 
struts; the rear suspension is fully in- 
dependent, with coil springs. Standard 
brakes are discs in front and drums at 
the rear, with rear discs on the turbo 
version. The smooth nose of the car 
helps provide a coefficient of drag of 
0.32, but an air scoop is added to the 
turbocharged GT model just above the 
bumper to increase engine cooling. 
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So much style was built into this unfinished basement that some of the clever ideas 
should work in your own home. Construction drawings give all the details. 


By AL LEES 


Drawings by Carl DeGroote 

nwilling to settle for a conventional knotty-pine 
U wrap for the dreary unfinished basement of their 
Illinois home, Dave Firszt and his family opted for 
a handsome carpeted suite, with inviting areas for games 
and parties, plus a new bathroom accessible to guests but 
also serving a bedroom partitioned off at one end of the 
basement. 

Because the furnace and utilities couldn't be conveniently 
relocated, the Firszts thought up clever ways to build them 
into the overall design scheme. (For details on the major 
construction, turn the page.) 

Typically, the basement had a 7'»-foot height to the bot- 
tom of the joists supporting the first floor, with exposed 
runs of wiring and plumbing built in the joist cavities. 
The obvious solution to this eyesore was a dropped ceil- 
ing, with large panels set into a wire-hung grid so they 
could be tipped up for access to the space above. But a 
major drawback to such an installation is the vast ex- 
panse of relatively uninteresting ceiling directly overhead. 

To introduce some variation, Firszt bumped up two big 
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areas of ceiling (at locations where no access to joist cavi- 
ties was needed) and created halo lighting recesses. Fluo- 
rescent fixtures were concealed behind vertical translu- 
cent plastic panels—removable for bulb changing. He also 
chose a deeply incised ceiling pattern to avoid a flat look. 
It's USG Corp.'s Tiffany ceiling panels, set into a grid sys- 
tem called Simplicitee. The sculptured pattern of the pan- 
els also helps reduce noise levels in the play areas. 

Further overhead variety was achieved by boxing in heat- 
ing ducts and creating dropped soffits with downlights over 
the built-in bar. Daylight filters down through the high 
windows typical of most basements. But the corrugated 
metal window wells beyond the glass were unattractive, 
so stained-glass overlays were applied to the inside. 

The general plan called for a 40-by-25-foot main recre- 
ation room with a walk-behind bar, a grouping of sofas 
for conversation and television viewing, plus space for such 
table games as billiards. Partitioned off at one end was to 
be a 12-by-13-foot guest room with a 9-by-12-foot bath next 
door. Within this bathroom would be a walk-in closet and 
an under-stair storage area. As a special feature, the bath- 
room would be accessible from both the recreational area 

Continued 
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MCorrugated-metal window wells beyond high windows 
were eyesores, so were masked with translucent panels. 
2lHeating equipment was enclosed with partitions to the 
ceiling and a pair of bi-fold louvered doors. 

33Metal supports—the lally columns and l-beam above 
them— were clad in lumber and stained to match. 

álTo break up the monotony of the large expanse of 
dropped ceiling, two lighting recesses were built in. 
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SAn ugly water meter couldn't be relocated, so it was 
just boxed into a carpeted platform—a perch for the TV. 
6GILighting for the built-in bar is from three downlights 
recessed into an overhead soffit for architectural detail. 
Access to the sump pump in a corner of the bedroom is 
through a swing-out bookshelf hinged to its enclosure. 
B'Between bedroom and bath, a partition of 2 x 6s is framed 
around the structural I-beam to hide it. 
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Framed by lumber-clad steel columns 
and I-beam (top and left photos), fur- 
niture is grouped for conversation and 
TV watching. Beyond is the built-in 
bar and a bedroom that closes off be- 
hind hinged panels. The door to the 
right of these gives onto a full bath. 
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(so guests would not have to traipse upstairs) and the bed- 
room; both doors would be lockable for privacy. 

To make so ambitious an undertaking practical, the 
Firszt family broke it down into smaller projects and drew 
up a schedule for tackling one part of the job at a time. 
This gave the family a steady sense of accomplishment as 
each goal was reached. Without this organization, the com- 
plete project might have been daunting—and would have 
seemed to take forever. 

The first phase was camouflaging utilities. Rather than 
attempt to relocate the functional hardware typically found 
in basements, the family decided to leave the furnace, water 
heater, sump pump, and water and gas meters in their 
original locations and build around them. The resulting 
enclosures divide the large area into smaller, more inti- 
mate “rooms” that are comfortable for one or two people 
or as many as 20. 

Once the furnace room was created by framing in par- 
titions, and the meters and sump pump were similarly 
enclosed, the framing was covered with iż-inch plywood 
or gypsum board and the existing concrete walls were ap- 
propriately furred with 2x 2s, insulated with 1V5-inch-thick 
rigid foam, and covered with wallboard. 

Special thought was given to the access doors for the 
various enclosures. Louvered doors were provided to the 
furnace room to allow combustion airflow. The door to the 
pump enclosure in a corner of the bedroom is a hinged 
bookcase. The double doors to the bedroom (with concealed 
hinges so they look like solid wall paneling when closed) 
not only made it easy to move in the bedroom furniture, 
they also permit future conversion of this space into a 
workshop that can accommodate large panels and tools. 

A standard steel I-beam ran down the center of the main 
room, supported on lally columns. Firszt decided to face 
these units with lumber, assembled and stained to look 
like solid wood post-and-beam construction. All mating 
edges were mitered to conceal the lap joints. Note in the 
cladding sketch that a double tongue-and-groove ensures 
a solid miter. These are tricky to cut, however. Simple 
glued miters, fastened with finishing nails, can be substi- 
tuted. Set the nail heads below the surface and cover with 
a wood filler that will take the stain you plan to apply 


Cladding the columns and l-beam Creating the ceiling recesses 
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once the exposed surfaces are sanded to a smooth surface. 

After all the cladding was complete, the dropped ceil- 
ing was installed, with its built-in halo lighting recesses. 
Installation instructions come with the ceiling grid. Around 
the perimeter of each room, you'll need to nail a wall angle 
at the height the ceiling is to be. In the areas of each re- 
cess, /s-inch gypsum board was nailed directly to the bot- 
tom edges of the floor joists; the fixtures were mounted 
on this board with toggle bolts. 

Firszt bought enough extra wall-to-wall carpeting to 
cover the sides of the TV platform. 


PARTICIPATING MANUFACTURERS 

Originals in Furnishings, 6050 W. Oakton St., Martin Grove IL 60053 (bar top); Seabrook 
Wall Coverings, 1325 Farmville, Memphis TN 38122 (bathroom wallpaper); Stained Glass 
Overlay, 2392 Morse Ave., Irvine CA 92714 (window overlays); USG Corp., 101 S. Wacker 
Dr., Chicago IL 60606 (dropped ceiling grid and panels; shower door and trim from USG's 
Kinkead Division) 


Furring the heating duct 
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Framing the stair and platforms 
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Boxing in the sump pump Building in the bar 
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Tilting head of the new Sears band saw is controlled by a rack-and-pinion drive. You turn a knob to pivot the head. 


ш m m 
Double-jointed 10-incher 
— — gel l 2 When I reported on power miter saws for the March 1987 
issue, I found only two that could cut compound miters. 
Both were light-duty models with 8%-inch blades. 

Now Sears offers a serious 10-inch miter saw that can 
make compound cuts. A drum-shaped pivot joint between 
the table and arm allows the blade to be swung from ver- 
tical to 45 degrees, so you can cut accurate bevels. 

A compound-miter saw is extremely useful for making 
shadow boxes, tapered stands or boxes, and when cutting 
crown moldings. I found that the power of this one, the 
smoothness of cut—and even the accuracy—are excellent. 
That pivot joint does not compromise the rigidity of the 
saw. A nice feature: A clever mechanism lifts the clear- 
plastic blade guard as the arm is lowered. 

The Sears Craftsman model 23461 compound- miter saw 
weighs 64 pounds and sells for $220.—Phil McCafferty 
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The newest band saw from Sears, Roe- 
buck and Co. has an electronic read- 
out, a 12-inch throat, a six-inch depth 
of cut, a storage-cabinet base, and a 
23-by-27-inch table. That list of fea- 
tures could make it irresistible to any 
workshopper. 

But the best feature of this new saw 
is the way it handles bevel cuts: The 
head tilts—up to 45 degrees—while 
the table stays put. With other band 
saws Гуе done some messy bevels be- 
cause І could not hold the workpiece 
on a small tilted table. With this one's 
large table, which remains flat, I 
found it amazingly easy to control 


Welding wire is pulled off spool by a drive roller 
powered by a variable-speed motor (not drawn). 


Tilting band saw 


bevel cuts, even on fairly heavy stock. 

A rack-and-pinion drive tilts the 
head as you turn a knob. The saw’s 
electronic readout (accurate to Y2 de- 
gree, I found) displays the angle. The 
electronic readout also displays the 
blade’s tension and speed. You adjust 
tension by setting the readout to the 
width of the blade you are using. With 
tension properly locked in, you avoid 
a too-taut blade—which can break— 
and a too-loose blade— which tends to 
twist out of the line of cut. 

Blade speed may be the least im- 
portant readout because the saw has 
two fixed speeds, 3,000 and 1,500 feet 
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per minute. Nevertheless it is useful 
because it reports a drop in speed 
—your warning that the blade is dull 
or you are feeding too fast, or both. 

Disadvantages? I found it a little 
hard to get at the belt to change 
speeds. But overall this innovative saw 
is a quiet, smooth-running performer. 

The Craftsman electronic band saw 
(model 24741) has a %-hp motor, uses 
80-inch blades from Vs to V» inch wide, 
has a built-in work light and sawdust 
ejector, and sells for $440. The same 
tilt-head feature is available for $290 
on a nonelectronic single-speed saw 
(model 24721).—P. Mc. 


Wire-feed welder: no rods, no gas 


I am not a first-class welder, but a novel 
arc welder, also from Sears, has made 
me a whole lot better. 

Instead of welding rods— metal elec- 
trode sticks coated with flux —this ma- 
chine uses flux-core wire that is fed off 
a spool inside the welder. 

Wire-feed welders have been around 
for several years. But the other home- 
shop models I've seen use solid wire 
along with "shielding" gas (pressur- 
ized argon or carbon dioxide), which 
serves the same purpose as flux: It 
hinders the formation of oxides so that 
the metals will bond. With the Sears 
unit, you avoid the expense and care 
required when using shielding gas. 

I found I could neatly weld sheet 
metal from 18-gauge up to $is-inch 
steel plate in one pass. Welding М- 
inch metal required beveling and 
multiple passes. I made respectable 
vertical welds—which I could never 
do with a stick welder. The instruc- 
tions say the arc welder will make 
overhead welds, the toughest kind. I’m 
working on that. 

The welder weighs only 66 pounds. 
It runs on 120 volts and draws 18 
amps; output is 18 volts and 75 amps. 
Sears sells the model 20100 welder 
(with helmet) for $350.—P. Mc. 
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CAR-CARE QUIZ 


Our quiz challenges you with three problems: an engine miss, a powerless car, and a pickup 
with no pickup. If the puzzles prove too potent, check the answers that follow. 


By STEVE MERCALDO 
Drawings by Russell von Sauers 


Problems 


4 The buck stops here 


There are shade-tree mechanics who 
insist that a dollar can find a dead 
cylinder quicker than an electronic 
engine analyzer can. All you do is hold 
the buck against the tailpipe end 
while the engine idles, they say. If the 
bill flies like a flag in a steady breeze, 
the engine is running on all cylinders. 
But if the bill flutters, one or more 
cylinders are down. 

Now the six-cylinder engine in my 
pickup truck has begun to lose power 
and idle roughly, so I whip out a dol- 
lar and head for the tailpipe. George 
Washington could tell no lies: The fiut- 
tering bill points toward a dead cyl- 
inder. The next step is to pinpoint the 
culprit. 

After labeling the high-tension 
cables, I remove the spark plugs for a 
compression test. Except for some 
carbon buildup on the number-two 
plug, the others seem to be in pretty 
good shape. A compression test shows 
that cylinder two isn't puffing up to 
spec. 

Actually, I’m not surprised to find 
poor compression in one of the cylin- 
ders; after all, this six has idled, ac- 
celerated, and cruised over 80,000 
miles. But I am surprised to find that 
the rings are OK. When I squirt a few 
drops of 30-weight oil into the low cyl- 
inder, it fails to bump up my second 
compression reading. It is now obvi- 
ous that either one or two valves in 
cylinder two are burnt. 

But before I pull the heads to re- 
place the valves, I take a quick peek 
at the rocking valve-train parts as the 
engine idles. If I can spot a bent push 
rod, a loose rocker arm, or a damaged 
lifter that is contributing to the lazy- 
valve problem, it will be a cinch for 
me to fix and eliminate a frustrating 
glitch that might show up later and 
spoil the repair. However, the problem 
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isnt obvious in looking at cylinder 
number two. 

Somewhat surprisingly, there is a 
problem at cylinder five. One of the 
rocker arms is moving through only 
about half its travel. When the cam- 
shaft is pulled, I see that the rocker's 
lobe is nearly round. So I put a new 
cam and a set of lifters on my parts 
list. 

Now it's time to examine the head 
and get a look at the valves, valve 
guides, and valve seats. As I expect, 
the exhaust valve for cylinder two is 
fried, and the seat is grooved. Inspec- 
tion of the valves and seats reveals 
that they all need more than a light 
hand lapping. This is a job for a ma- 
chine shop. 

Before heading to the parts store, I 
make a quick visual inspection of the 
valve springs and guides. None of the 
springs looks deformed or broken. 
Squeezed between the bench top and 
the palm of my hand, the springs feel 
lively with tension. To check the 
guides, I slip a valve stem into each 
hole. Then I pull the valve about М 
inch off the seat and wiggle it from 
side to side. There's little movement. 
The guides pass the test. 

My parts list now includes a new 
exhaust valve, a cylinder-head gasket 
kit, oil, an oil filter, tuneup parts, as 
well as the camshaft and fresh lifters. 

Back from the parts store, I spend 
the rest of the day—and most of the 
next—screwing things back together. 
I finish the job by torquing the head 
to spec, adjusting the valve lash, in- 
stalling the filter, changing the oil, 
and installing the tuneup parts. As I 
snap the distributor cap into place, my 
mind conjures the image of six cyl- 
inders purring smoothly. 

My pleasant daydream evaporates 
as the engine reluctantly fires up and 
idles roughly. When I tug on the throt- 
tle linkage, the engine pulses loudly 
and raggedly. I’ve invested lots of time 
and money, and I’m back to square 
one. The engine runs as though at 
least two cylinders are dead. 

It’s time to do some serious trouble- 
shooting. I perform a power-balance 
test on the engine. With the engine at 
operating temperature, I adjust the 


throttle screw until the engine idles 
at 900 rpm. I then shut down the 
engine and pull the spark-plug wire 
from cylinder number one. To prevent 
possible damage to the ignition, I 
ground the plug cable to the block 
with a jumper wire. When I restart 
the engine, the tachometer reads 820 
rpm. Cylinder number one is obviously 
healthy and pulling its share of the 
load. 

I perform the same test on cylinder 
two, and get the same result. But 
when I pull the plug wires off cylin- 
ders three and four, the engine speed 
remains at 900 rpm. Three and four 
are dead. When tested, cylinder num- 
bers five and six produce the same 
healthy drop in rpm as cylinders one 
and two. 

Maybe there's no voltage in plug 
wires three and four. To check for 
spark, I insert a screwdriver in the 
plug end of cable number three. I then 
hold the driver roughly '4 inch from 
the block. A sharp blue spark arcs 
across the gap when the engine is 
started. Number four cable also 
pitches a big, healthy blue spark 
across the gap. 

Although unlikely with all new 
parts, perhaps there's a compression 
leak. I take a cranking compression 
reading from each of the cylinders. All 
are up to spec. 

Now I'm really puzzled. Spark and 
compression tests are good. Perhaps 
there’s a vacuum leak in the intake 
manifold at runners three and four. 
With the engine idling, I spray choke 
cleaner around the manifold. If there’s 
a leak, engine speed should change. 
It doesn't. 

Thinking I may have fouled up the 
valve-lash adjustment, I pull the 
rocker cover. The adjustment steps 
seem simple: With the engine at idle, 
I back off the rocker-arm nut until I 
hear a tapping noise. Then I tighten 
the nut until the noise just diminishes: 
The book calls it “zero lash.” After zero 
lash, I crank the nut down one full 
turn, a quarter-turn at a time. 

To play it safe, I decide to readjust 
the lash. Intake and exhaust valves 
for cylinders one and two are set to 
spec. But when I attempt to adjust the 
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rockers for three and four, something 
strange happens. When the rocker 
nuts for cylinder three are loosened 
to adjust for zero lash, the engine 
picks up speed and the idle smooths 
out. The same thing happens at cyl- 
inder number four. : 

With some experimentation, I find 
that if I leave the rocker nut for cyl- 
inder three’s exhaust valve and cyl- 
inder four’s intake valve at zero lash 
without the extra full turn, the engine 
idles and accelerates well enough. If 
I try to tighten either nut to finish 
the adjustment, I lose a cylinder. 

Why does the engine run poorly 
when the valves are properly adjusted? 


2 Powerless power plant 


My engine has no power. It idles well, 
but when I accelerate up to 10 mph, 
the car labors as if it’s hauling an 
anchor. Then as the car accelerates 
past 20 mph, power returns. But as 
the speed approaches 55 mph, the car 
again feels as though it’s driving 
through cold molasses. 

Strangely, my low-speed power loss 
only occurs after the engine has 
reached operating temperature. Low- 
speed performance is almost normal 
when the engine temperature is cold. 
Adding to the mystery, engine temper- 
ature has no effect on the power loss 
at 55 mph. 

When I dig my repair records out, I 
discover it has been 25,000 miles since 
the last tuneup. Maybe it’s as simple 
as toasted spark plugs or a clogged 
fuel filter. Armed with the repair 
manual and my tool box, I begin the 
hunt. 

After labeling the plug wires with 
masking tape, I pull the plugs. The 
center and ground electrodes are badly 
eroded and gritty carbon deposits cake 
the insulators. I figure that if the 
spark plugs aren't the culprits, they're 
at least a major contributing factor. 
Before I install the fresh plugs, how- 
ever, I run a quick compression check. 
All of the bores evenly pump over 
130 psi. 

Along with the new plugs, I drop 
in a new PCV (positive crankcase 
ventilation) valve, distributor cap, 
rotor, plug wires, fuel filter, air filter, 
carbon-canister filter, and engine- 
breather filter. Г 

Because I’m going to check the 
ignition timing, I mark the timing 
plate and damper pulley groove with 
some white paint. With this car’s 
computer, it’s also necessary for me 
to ground a designated test terminal 
to set the computer for a base-timing 
check. I crank up the engine and 
point the timing strobe at the damper 
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and timing plate. The timing marks 
are dead on. And the engine idles 
smoothly. 

I idle down the driveway with a 
grin. But the grin fades fast as I 
accelerate up to 10 mph. The tuneup 
hasn't helped. The engine loses power 
when I accelerate. 

Back in the driveway, I stare at the 
carburetor. Perhaps the accelerator 
pump or its feed circuit is at the root 
of the problem. Following the steps in 
the manual, I run a visual check on 
the carburetor’s accelerator parts. The 
linkage looks as if it’s hooked to the 
right places. The pump rod is attached 
at both the throttle lever and pump- 
lever arm. With the engine off, I check 
the accelerator-pump circuit. When I 
peer down the carburetor’s throat 
and yank on the throttle link, fuel 
jets from the pump’s discharge nozzle. 
The accelerator pump appears to be 
working. 

Although I’ve a hunch it’s a car- 
buretor problem, I’m not about to swap 
an expensive computer-controlled car- 
buretor without some other checks. 
Maybe the carburetor isn't getting 
enough fuel? 

Perhaps the fuel pump is acting 
temperamental when it gets hot. To 
test the pump, I pull the fuel-delivery 
line off the carburetor inlet and attach 
a pressure gauge to its open end. 
When I crank the engine over, the 
gauge reads 7 psi. The specified range 
is 5 to 8 psi. 

To check the fuel pump’s delivery 
volume, I shut down the engine and 
pull the pressure gauge out of the fuel- 
delivery line. Then I place the line's 
end into a one-quart container. My 
helper starts the car, and I run the 
engine at idle for 30 seconds. The spec 
book calls for a minimum delivery vol- 
ume of one pint. My container has 1% 
pints. 

I let the fuel sample sit for five 
minutes, then eyeball the contents. 
There's no water, dirt, or rust in the 
container. 

Stumped for an answer, I begin to 
ask questions: Why does the car lose 
power at low speed when the engine 
is warm—but not when it's cold? What 
parts work—or don't work—when the 
engine is cold? Emission-control de- 
vices are the answer. 

Armed with a new angle of attack, 
I warm the engine up to operating 
temperature. Then I work my way 
through the engine, disconnecting 
emission devices one at a time and 
going for short road tests. I figure T'll 
disconnect devices until the engine 
responds normally. At that point, ГЇЇ 
have the culprit. 

First, I try pulling the hoses off be- 
tween the charcoal canister and the 
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carburetor. Nothing happens. Next, I 
pull the PCV valve out of the rocker 
cover and the engine-breather-filter 
hose out of the air cleaner. The PCV 
system is OK, and I'm running out of 
devices. Finally, I check the vacuum 
lines to the exhaust-gas-recirculation, 
or EGR, valve against the diagrams 
glued to the underside of the hood. 
They're properly routed. Then I dis- 
able the EGR valve by pulling off its 
vacuum hose and plugging it with a 
golf tee. Suddenly, the engine has 
power hot or cold. So I drive straight 
to the parts store for a new EGR valve. 
I figure the valve is dumping exhaust 
into the combustion chamber too early 
and putting out the cylinder's fire. 

The fellow at the parts store is polite 
but firm. "Your car has an exhaust 
back-pressure transducer-type valve," 
he says. "It will cost almost $100— 
and we don't accept returns on emis- 
sion parts. Are you sure it's what you 
need?" I tell him that I'm sure it's the 
problem. 

I then race back to the garage. After 
cleaning the valve-mating surface on 
the intake manifold, I bolt on the new 
EGR valve and push its vacuum hose 
onto the carburetor fitting. 

After the engine idles up to oper- 
ating temperature, І go for a test 
cruise. Incredibly, the new EGR doesnt 
make a difference in the low-speed 
laboring. The problem is just as severe. 
It’s $100 down the drain and still no 
answer to the problem. 

If it's not the EGR, what's causing 
the problem? 


3 Wandering timing 


One moment my truck is running 
well; the next it's coughing and down 
on power. 

With insufficient spare time to fool 
with the truck myself, I make an 
appointment with a repair shop. On 
the specified day, I arrive at the shop 
and describe the problem to the serv- 
ice manager. 

I explain that each time I attempt 
to accelerate, the gas pedal has to be 
mashed to the floor. While scribbling 
and nodding patiently, the service 
manager suggests that the sluggish 
response is probably due to a gremlin 
in the fuel system. Perhaps it's a 
clogged fuel filter or a weak fuel 
pump, he offers. 

Confident that my vehicle is in good 
hands, I leave the shop. After all, 
how many repair shops can get to the 
heart of a service problem so quickly 
from just a brief description of the 
symptoms? 

The next afternoon, the shop man- 
ager presents me with a plastic bag 


that holds a dirty air-filter element, 
several bent carburetor gaskets, a dirt 
encrusted fuel filter, and an old fuel 
pump. 

He explains that the root of the 
problem was a dirty fuel tank. And 
to make a proper repair, the shop 
removed the tank and sent it out to a 
specialty shop. At the same time, the 
carburetor was rebuilt, a new fuel 
pump was installed, and all fuel and 
air filters were replaced. 

I pay the hefty bill and head out 
onto the highway. The truck does 
accelerate better, but much of the old 
muscle seems missing. When I call 
the shop to complain, the service 
manager suggests I give the carburetor 
a few days to “break in." If Pm not 
satisfied after that, I should bring the 
truck in for a carburetor check and 
readjustment. 

Two days after my phone call, Tm 
back at the shop. The truck is pulled 
into a service bay and hooked to a 
tachometer. À mechanic twists a few 
screws on the carburetor. Then he 
takes the truck out for a road test. 
Within minutes he's back. The hood 
is popped and a timing light is hooked 
on the number-one spark-plug cable. 
The light's strobe reveals that the 
timing is bumped off the mark. A 
slight twist of the distributor sets the 
timing mark on the damper pulley 
back on the timing-chain cover pointer. 
Apologetically, the mechanic relates 
that the distributor hold-down bolt 
was probably loose during the previous 
repair, and the distributor was acci- 
dentally bumped during the repair. . 

Out on the road, I'm dazzled with 
pep similar to what the truck had 
when new. But it doesnt last. Two 
weeks later l'm back at the shop with 
the same weak-engine complaint. 

Again, the mechanic takes the truck 
for a drive. And again, he lifts the 
hood and twists the distributor. He 
then asks me if I have adjusted the 
distributor since his last repair. When 
I say no, he gives me a skeptical look. 
He explains that somehow the timing 
has slipped again and has retarded 
the ignition. 

For a few days the pep is back. But 
one day the pep is replaced by an 
under-hood pop as I accelerate away 
from a stoplight. When I let off the 
gas, the engine idles down to the point 
where it's barely turning. Any attempt 
to accelerate results in a serious en- 
gine hesitation. To pull from a dead 
stop, I have to floor the pedal. There's 
absolutely no power. 

Back in my driveway, I pull out my 
timing light and aim it at the marks 
on the front pulley and timing-chain 
cover. As I suspected, the timing is 

[Continued on page 116] 


To protect your family from ground-fault shock hazards, you can now quickly and inexpen- 


sively convert two-slot outlets to the three-slot type for hazardous areas in your house. 


By RICHARD DAY 


ach year, according to the Na- 
tional Safety Council, more than 
300 people are electrocuted at 
home. Amazingly, the small amount 
of power it takes to light a seven-watt 
Christmas-tree bulb can kill an adult. 
Think your home is safe? Not if it has 
older non-grounding electrical outlets. 


These have only two slots, instead of 


three, and with such outlets the risk 


of being severely shocked by a ground 
fault while using plug-in electrical 
tools and appliances is only an insu- 
lations thickness away (see sidebar). 

To protect yourself and your family 
against all-too-common ground-fault 
shock hazards of two-slot receptacles, 
your home electrical system may need 
updating. If you are familiar with elec- 
trical wiring, you can tackle this up- 
date yourself. Otherwise, hire a li- 
censed electrician. 


The National Electrica! Code (NEC) 
lists three options for replacing a two- 
slot outlet: replace with another two- 
slot outlet (no help with ground 
faults); replace with a three-slot out- 
let that is truly grounded; replace with 
a receptacle-type ground-fault circuit 
interrupter (GFCI). The method you 
may use depends on your house wiring, 

If your house wiring provides some 
means of grounding a replacement 
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outlet within the outlet box, a two- 
slot outlet must be replaced only with 
a three-slot grounding outlet (NEC 
Section 210-7[d]). Some of these sell 
for as little as 40 cents apiece. 
(Grounded receptacle GFCIs may be 
used, too.) 

The required means of grounding 
consists of a bare or green-insulated 
wire in a nonmetallic-cable wiring sys- 
tem or the continuous metal covering 
of an armored-cable or conduit system. 

To find out whether grounding is 
available at your house’s outlets, cut 
the power to an outlet’s circuit at the 
main service panel. The outlet should 
be electrically dead. Test it by plug- 
ging in a known-to-be-working light 
or appliance. Or plug in a neon tester 
(available at any electrical supplier). 
Be sure to test both outlets of a du- 
plex receptacle. Once you're sure that 
the circuit is dead, remove the cover 
screw and wall plate. Next, to make 
sure that no electricity is present in- 
side, apply the neon tester across the 
exposed lighter-colored terminals on 
one side of the outlet and the darker- 
colored terminals on the other side. If 
the lamp doesn't light, remove the two 
long No. 10-32 retaining screws that 
hold the receptacle to its outlet box. 
Without touching any bare wires (it 
pays to be cautious around electric- 
ity), stretch the receptacle out of the 
box on its wiring. Pull it far enough 


to enable you to peer inside the out- | 


let box with a flashlight. You are look- 
ing for (1) a bare or green-insulated 
wire or wires or (2) a metal outlet box 
served by armored cable or metal con- 
duit. If you find either, a means of 
grounding is available within the box. 

As a double-check, bring a grounded 
jumper wire near the dead outlet—a 
car battery jumper cable attached to 
a continuous metal piping system will 


do fine. Using a multitester set on | 


"Rx1 Ohms,” clamp one end of the 
jumper to one tester lead while touch- 
ing the other lead to the metal box. If 
the tester reads zero-ohms resistance, 
the box is grounded. If any resistance 
is indicated, however, the box is not 
grounded. 

In all receptacle hookups use stan- 
dard Code-approved outlet-box make- 
up procedures. (If your house has alu- 
minum wiring, not copper, special 
wiring procedures apply.) In any case, 
every three-slot outlet's hex-head green 
grounding terminal must be connected 
to a ground. These receptacles may 
not be installed at any location with- 
out grounding. 

The common nonmetallic-sheathed- 
cable house wiring with white-, black-, 
and red-insulated wires—but no bare 
or green-insulated wires— provides no 
means of grounding. If you find such 
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cable entering the box, you may re- 
place a two-slot outlet only with an- 
other two-slot outlet or with a recep- 
tacle GFCI. 

Replacement with a receptacle GFCI 
solves the ground-fault shock-hazard 
problem. NEC Section 210-7(d) Ex- 
ception recognizes that an ungrounded 
GFCI receptacle does offer a degree of 
shock protection, even though a tool 
or appliance plugged into it is not ac- 
tually grounded. The GFCI receptacle 
thus protects where the old two-slot 
receptacle does not. Receptacle GFCIs 
in a number of brands are widely sold 
for $11 to $20. Naturally, the recep- 
tacle GFCI you purchase should be 
listed by Underwriters Laboratories 
and bear the familiar "UL" designa- 
tion ('CSA' in Canada). 

A GFCI works by monitoring cur- 
rent flow in and out. As long as both 
are equal, though opposite, nothing 
happens. But when some current leaks 
to ground—even as little as six mil- 
liamperes—the in-out current becomes 
unbalanced. This triggers it to cut off 
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Feed-through connections 
(To protect all outlets in "— 


GROUNDING LEAD 


Just what is a. 


It's a line-to-ground short circuit. When 
 ground-seeking electrons in the insu- 
lated hot side of a circuit find a path- 
way to ground, a ground fault occurs— 
| usually through an insulation failure. 
For example, if the insulation on a live 
wire inside a power tool wears through 
and the bare wire contacts the metal 
tool body, the tool would take on a 
120V potential to ground. Holding such 


| a tool would be like having a hand 


clasped around a bare live wire. If 
you're standing on a concrete floor or 
damp earth, your body would complete 
the circuit to ground. 

Having electrical tools and appli- 


Receptacle GFCIs come with terminals 
(above) or with leads (the feed-through 
unit held on facing page). To replace a 
two-slot outlet, connect as shown 
in either of the sketches below. 


DRAWINGS BY MARIO sey х 


ances properly grounded— plugged | 
into a three-slot outlet— offers protec- 
tion. against ground faults. Thi: is- 
“equipment grounding,” and the NEC 
requires it in new construction. Way- 
ward electrons find it much easier to- 
travel through a good conductor ; 
(grounding wires) than through a oor 
one (your body). : BU 
Plug-in grounding adapters adi dd 
pigtail lead offer no protection unless - 
they themselves are well grounded. | 
Attaching the pigtail lead to the cen- s 
ter screw of a two-slot outlet doesn't. Ж 
ground the adapter unless grou g: ng 
has been supplied to that ae xt 
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PRESENTING TECHNOLOGY THAT LETS YOU 
PROGRAM YOUR OWN DESTINY. 


Electronics and computer equipment can be 
state-of-the-art today. And ready for the garbage 
can tomorrow. 

Demand for technology 1s changing that fast. 

And the people who can stay on top of it can 
write their own ticket in this world. 

That's the beauty of the Air Force. 

We can put you to work with technology that 
you may not read about in magazines for years. 

We can teach you how to make sense of the 


most intimidating circuitry in existence anywhere. 
If you attend college, we'll pick up 75% of 
your tuition. You can even earn an associate degree 
from the Community College of the Air Force. 
What does all that mean? 
It means theres no telling where technology 
is going in the future. 
But with Air Force training, you've always got 
a future to look forward to. For more information, 
call an Air Force recruiter at 1-800-423-USAE 


Wordless Workshop 


By ROY DOTY 
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$50 to Henry Farrell of Candia, N.H., for this idea. Send yours (with 
Social Security No.) to Wordless, POPULAR SCIENCE, 380 Madison Ave., 
Mew York, N.Y. 10017. Only purchased ideas can be acknowledged. 


. Products based on TUFOIL technology. ® 
Check one with each order of 2 bottles or more. Check 


FREE . 


fell off my chair. 


| knew TUFOIL was a superior product. 
After all, I've been working on the prob- 
lems of dispersing Teflon or Fluon-like 
colloids in oil since the early 1970's and 
getting patents all over the world. But 
here was confirmation from on high! 


My reaction was, "Wow! TUFOIL's slip- 
perier than Teflon!" 

Their test data showed a steel on steel 
4-ball surface friction of .029 with re- 
markably low wear. l rushed to my library, 
grabbed a lubricant handbook to see if 
my memory was correct. Sure enough! 
Teflon was listed at .04. 


TUFOIL is not just a little slipperier than 
Teflon. It's a lot slipperier than Teflon. 
There was the handbook data right in 
front of me! 
People ask, "Why don'tthe oil companies 
use or recommend TUFOIL?" It's simple. 
The big oil companies' profit comes from 
gasoline, not lubricants. The auto com- 
panies' comes from car sales. Just think. 
Some of our test cars are pushing 
200,000 miles. If Detroit recommended 
TUFOIL, they might cut their sales in half 
. not likely! Some of our customers 
cars are well over 200,000 miles, with 
their engines purring like kittens. 
Historically, the most important inven- 
tions have been made by independent 
inventors working alone. They do notand 
have not come from large well financed 
research labs or institutions. The best 
creative inventors have always chafed 
under the restraints of bureaucracy. 
So it's up to you to decide for yourself, 
just as tens of thousands of our cus- 
tomers already have! 
Customers send us letters raving about 
improved starting, smoother operation, 
spectacular acceleration, gas savings 
and much longer trouble-free engine life. 
TUFOIL has been written up in presti- 
gious scientific journals, newspapers 
such as the Wall Street Journal, Boston 


TUFOIL (5 SLIPPERIER 
THAN TEFLON / 


When | first saw the data from our government’s most 
prestigious laboratory charting their tests of TUFOIL, | almost 


TEFLON® is reg. Т.М. of DuPont* 


2 for each gallon order. 


[1 TUFOIL Gun-Coat ($3.98 value) 
О TUFOIL Compu-Lube ($9.95 value) 


[] TUFOIL Lightning Grease ($9.95 value) 


[] TUFOIL Lubit-8 ($3.98 value) 


FREE brochures ... 
LI 30 Questions/ Answers about TUFOIL 


O "Fun with Superconductors"—we're leading that 


field too! 


See NASA Tech Briefs for technical details, 1986, 1987 
and 1988. 


© 1987 Fluoramics, Inc. 
FLUON* IS REG. Т.М. of ICI Americas Inc. 


TUFOIL* is reg. T.M. of Fluoramics 
U.S. Patent No. 4.284.518 


U.S. Patent No. 4 224.173 
U.S. Patent No. 3.933.656 
Other U.S. Patents issued 
and pending 


Globe, New York Times and Christian 


Science Monitor and tested in Universi-* 


ties and laboratories all over the world. 
The results are overwhelming! As far as 
we can see, TUFOIL has the lowest 
friction and wear of any known lubricant. 
We're making history! 

For the last few years, we've been 
running full page award-winning ads in 
NASA Tech Briefs. In them, we call 
TUFOIL, “The Transistor of Lubrication.” 
Our competitors are way back in the 
vacuum tube era with products primitive 
by comparison. 

We're occasionally asked about lubri- 
cants that claim to be one-time engine 
treatments. The answer is simple! There 
is no record in the scientific literature 
that we've seen so far, that a one-time 
treatment by any lubricant will last the 
life of an engine. So don't believe it! 
What can TUFOIL mean to you, your car 
or your machine? Big savings, that's 
what! So rush your order now and get 
those marvelous benefits. 


* increases acceleration 

e Boosts gas mileage 

e Easier starts—hot or cold 

€ Protects your engine for longer life 


Here's what some of our customers say. 


This customer wrote a beautiful 4-page 
letter raving about gas savings, easy 
starts. He went оп... 
"My acceleration was also noticeably 
increased and where my normal en- 
gine running temperature had been 
with the needle halfway between HOT 
and COLD, itis now only one third of 
the way in between." 
. R. W., Yarmouth Port, Ma. 
This customer got fantastic fuel savings... 
"The use of TUFOIL in my autos has 
been so successful that! purchased a 
gallon of TUFOIL and now use it in my 
3 lawnmowers, garden tiller and 


shredder." 
. . D. W, Seattle, Wa. 


O ONE 8 oz. bottle.. 


guarantee. 
О TWO 8 oz. bottles.. 


your friends & save $159*!! 
О ONE GALLON... 


handling.) 


i rush my TUFOIL order: 


. treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


After you've tested TUFOIL and like it, 
buy a gallon of TUFOIL to share with Name 


We ship within days! 
*over the single bottle price BIG SAVINGS 


FREE 
SAMPLES 


SEE DETAILS 


BELOW. 


EN NGINES 


How To Use TUFOIL® 

Just add one 8-oz. container of TUFOIL 
to your standard crankcase. (It'll treat 4 to 
5 quarts of engine oil.) If you want to 
super treat your engine, add two bottles! 
You will see the results in less than 1,000 
miles. Once your engine is broken in on 
TUFOIL, add 4 ounces (Ye bottle) with 
each oil change to keep new perform- 
ance levels. Use TUFOIL repeatedly over 
the life of your engine to help keep it 
purring like new! 


TRY ONE 8 OZ. BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you're not satisfied, simply send us 
proof of purchase with a note and we'll 
refund your money immediately—no 
questions asked. 

Send for TUFOIL today and prove to 
yourself the amazing increase in your 
cars performance. Fill in the coupon 
today. Or call TOLL-FREE any time, 24 
hours a day. 


1-800-922-0075. 


(in New Jersey, call 201-825-8110. ) 


Fluoramics, Inc. 
103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 


My check or money order for $ 
Charge my credit card: 


L] Am.Express L] MasterCard 
Card Мо. 


. treat two cars 
for $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 


Exp. Date 


Signature — 


Address 


treat 16 cars for City 
$125.00 (plus $6.00 shipping and 


State Zip 


(N.J. residents please add 6% sales tax). Orders to Canada: 
Send check or money order in U.S. currency. Add $4 extra 


shipping иш 


is enclosed. 


[] Visa 


BY DAWN STOVER : 


Folding bike > 


A Strida folds into a 44 x 
21 x 18-in. package. The 
$400 bike has 16-in. nylon 
wheels and a toothed 
rubber belt instead of a 
chain. Strida Ltd., North- 
way House, Northway, 
Cirencester, Glos GL7 
2QY, England. 


Streamlined racer A 


A full-scale mock-up of 
the Minnesota Land Speed 
Record (LSR) car will be 
used to make fiberglass 
body molds. Designed by 
V. P. Research of Brooklyn 
Center, Minn., the 23-ft. 
4WD car will challenge the 
wheel-driven LSR of 409 
mph. The car runs on a 
helicopter turbine engine. 
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Fiber firer > 


Truck (inset) carries spools 
of synthetic threads, which 
are sprayed into building 
soils for cohesion. Called 
Texsol, the aggregate sta- 
bilizes steep embankments 
like this one near Valence, 
France. Société d'Applica- 
tion du Texsol, 3 Avenue du 
Président Wilson, 75016 
Paris, France. 
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Double wings A 
Scaled Composites, a sub- 
sidiary of Beech Aircraft 
Corp., built this 62%-scale 
Advanced Technology Tacti- 
cal Transport prototype with 
fast-acting wing flaps for 
STOL boost. Tandem wings 
are linked by large nacelles 
with extra fuel tanks. 
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Big blade > 


The largest turbine 
of its type in the 
world, MOD-5B 
supplies power for 
more than 1,000 Ha- 
walian houses. The 
rotor, which is long- 
er than a football 
field, spins at up to 
17.5 rpm and gener- 
ates about 3.2 mW. 
Boeing Aerospace 
Co. built MOD-5B 
for Hawaiian Elec- 
tric Industries. 


Keep a cool head while 
the rest of your body 
basks in dry heat of up 
to 170° F. The $5,995 Vi- 
brosaun Body Condi- 
tioner has a face fan, 
built-in stereo system, 
and adjustable vibrator. 
Vibrosaun Internation- 
al, Box 57, Thief River 
Falls, Minn. 56701. 


One-way window A 


Glass or plastic film is printed with a 
screen of tiny black dots, overlaid by a 
picture formed from multi-colored dots. 
ContraVision is opaque from the outside, 
but lets light pass through. Avery Corp., 
Fasson Specialty Division, 250 Chester 
St., Painsville, Ohio 44077. 
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in six seconds A. 


Powered by a Mercedes 5.6-liter V8, the mid- 


engine Zender Vision 3 hits 180 mph. Twin gas 


tanks are built into the sills of flip-up doors. 
Zender GmbH, Florinstrasse, 5403 Mulheim- 
Karlich, West Germany. 


f 
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The Number One Do-It-Yourself Book Club 


HOW TO MAKE 


AED 
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н Maille = V. dbi "f Whis ri Swirl = 
Sorsell = Seride ——— - ± 2 X 
a "o » Е 

ь аҹ 
«памти» + m 


shake * Ratte * 


| 
* 4538. $29.95 (counts as 2 


BOOK CLUB 


A Service of Grolier Book Clubs, Inc. 
P.O. Box 2006, Latham, N.Y. 12111 


The #1 DO-IT-YOURSELF BOOK CLU!: 
The Best How-To Authority... Popular Sc 
ence Book Club is the largest and oldest special 
popes n : "ou SS interest book club serving successful do-ii 
ROUGH FINIS vc DE [^ Г" A yourselfers for more than 25 years! | 
CARPENTRY | CARPENTRY i X Ey | ГОРЕ The Best Do-it-Yourself Books.. .PSBC edi | 
: E | | | tors comb the country searching for thé: 
newest, finest and often hard-to-find book: ' 
Î on todays important homeowner subjects | 
ot ie э, | HOME REPAIR & IMPROVEMENT * T 
* 89.$19.95 * 97.$19.95 ж 105. $17. REMODELING, RENOVATION e RESIDENTIA 
CARPENTRY 2 e BASIC & ADVANCED WOOD 
WORKING e HOME WORKSHOPS e NOUS. 
BUILDING e HOUSE WIRING, PLUMBING) 
HEATING, MASONRY & CONCRETE e APPLI. 
ANCE REPAIR and much more. 
Exclusive ''Popular Science Books”. | 
PSBC serves its members best by commission; 
ing the top how-to writers-photographers ti: 
produce definitive books on important Clulz 
subjects. See titles with ж. These are cream 
of-t ro do-it-yourself books availabl= 
nowhere else at Club discount. 
Big Bargains—UP TO 75% DISCOUNT . 
PSBC cuts prices on hundreds of special boo’: 
bargains offered throughout the year to thE 
} membership. 
^12 y) MLA, Quality Production Control . . . PSBC selectionz 
| LAA“ are printed with careful attention to detail om 
< ) paper, printing, binding. You'll use these book: 
or years! 


И Р T ! — NO-RISK GUARANTEE...PSBC guaranteez 
6085. $24.95 6056. $17.50 5831. $19.95 6041. $16.95 your complete satisfaction—or you тау геч 
turn the books at our expense. 


offers you super savings up to $94.90! 
3 Values up to $99.85! 


with No-Risk Free Trial Membership Ж 
in Popular Science Book Club = 


Saray MFA SENE KE FF 
Gha her 


T". 190. $29.95 
(counts as 2) 


* 4501. $27.95 
(counts as 2) 


. 4536. $32.95 


(counts as 2) 


— m * 4508. $29.95 5878. $21.95 


The BENCHTOP REFERENCE 
gives you instant answers to hun- 
dreds of do-it-yourself questions 

on Woodworking, Joinery, Dowels, 


ш... 
tisfir. зыт, Tle 4 
e j a Ф | 

ths pes em Ё 


Veneers, Laminates, Fasteners, 
Sharpening, Grinding, Concrete, 
Electrical work, more! 48 big 

8 x 103/4 pages. All illustrated! 
Super handy and indispensable. 


Making Folk Toy 


ki Meath E Maria 


| ` receive an pibe selection, you may eturn itat 

* - our expense. ЭА 

; UP TO 75% DISCOUNTS... Club | range i ton 
~ $5.99 for жч book bargains of at ир sav- 
aa, 5% and even more. . "ате | Lig 


X de aah age oe d to members at state Ci club 4 


6027. $16. 95 


BUILDING 
YOUR OWN HOUSE 
FOUNDATIONS TO 

FRAMING 


пуш with no obl lon: simply Yi mail the e attached | 
card — a valuable FREE GIFT is yours to se aaa 
а. Май {һе card now! 


9882. $19.95 г B4. $31.95 6176. $19.95 5973. $27. 95 6033. $27.95 
` (counts as 2) (counts as 2) (counts as 2) 
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Easy rider > 
Super-Cushion air springs made | 
by Goodyear (blue) soften this 
U-Haul’s ride for furniture and 
family. Flip a switch to release 
the air, and the deck lowers to 2 | HALLA n | uae Sumus 
ft. off the ground —about half the , A | zz — sen a 
height of most freight trucks. The | Жи B6)! РРР —— 1 —À ت ی‎ — с 
27-ft. Super Mover has a 1,500- 
cu.-ft. capacity. Billboardlike de- 
signs on the vehicles (for each 
state) promote the haulers. 


mf. 
| D 


d et. و‎ 


« For the record 


Gale Banks Engineering's Project 300 
is out to prove that a 1988 Pontiac Fire- 
bird Trans Am GTA can break the 
300-mph barrier. The auto already holds 
the record for stock-bodied passenger 
cars—277 mph. The twin turbocharged 
GM 454 V8 gasoline engine, with Pon- 
tiac Motorsports' Super Duty aluminum 
heads, can produce nearly 2,000 hp. 


ri 


Reading between the lines A 


Archivists are examining color-enhanced images 
of letters, like this *R" in the U.S. Constitution, for 
signs of flaking or fading ink, cracking, or bacte- 
rial damage. The National Archives' monitoring 
system, designed by NASA's Jet Propulsion Labo- 
ratory, uses super-sensitive solid-state imaging 
equipment also built into telescopes. 


Flying bedroom A 
Airbus Industrie of North America, with its partner MBB, 
is building air-conditioned staterooms that can be loaded 
onto A340 airliners due to begin service in 1992. Equipped 
with refrigerators and individual TV monitors, the bedrooms 
could be used for crew or passengers. 


< Stealthy chopper 


Boeing Helicopter Co. is modifying its CH-47D heli- 
copter for the U.S. Army's Special Operations Forces. 
Larger fuel tanks, air-to-air refueling capability, and 
new radar and communications systems will enable 
the MH-47E to perform covert deep-penetration air- 
lift missions—even in poor weather or at night. The 
Army will buy at least 16 MH-47Es. 


106 | POPULAR SCIENCE 


Astounding Writing, Fast? 


Why say ‘good’, when you can say stellar, splendid or glorious? Why say fast, when you can say meteoric or flash? 
Now you can add 220,000 synonyms to your writing and speaking vocabulary y and, уои сап correctly spell over 100,000 


words instantly for just $999. Wow! 
By Drew Kaplan 

Forget spelling. Forget racking your 
brain for just the right word. Now you 
can trash your dictionaries and your 
thesauruses by using the new, pocket 
size, incredibly easy to use Word Finder. 

If you're at all like me, you hate plod- 
ding through the pages of cumbersome 
dictionaries. And, if you don't know how 
to spell a word, it's often hard to find. 

Well, imagine instantly scanning the 
equivalent of 1,400 872" X 11" single 
spaced pages of correctly spelled words 
and synonyms to pinpoint just the word 
gs want. Just touch a few buttons. 


Now we e'll r never r have to use an easy 
word we know how to spell, rather than an 
eloquent word, to convey our thoughts. 

GREAT MINDS 

I'm just a simple writer, but William F. 
Buckley, Jr. says about this program, 
"Your Word Finder has changed my life! 
| never used to use a thesaurus." 

Well, he probably doesn't need the 
100,000 spelling word dictionary, but 
when you combine the two, this is the 
most useful product l've ever introduced. 

When you speak or write, make your 
ideas vivid with realism. Let every word 
create a graphic image in your reader's 
mind. And, make all your points force- 
fully. (The words in bold represent 3 of 
over 54 synonyms for powerful. Wow!) 

SPELLING MADE SIMPLE 

| hate dictionaries. Half the words | 
look up | had spelled correctly. And the 
other half, | can't find. Well, with Word 
Finder from SelecTronics, it's simple. 

It's incredibly intelligent. First, it's pho- 
netic. Type 'FONETIC' and you'll get Pho- 
netic. Type Ph???tic and it will let you 
select phonetic from other possibilities. 

If you add a letter, leave out a letter or 
even transpose a letter, it can find the 
correct spelling of the word you want. 

So, let the two microprocessors in 
this new productivity tool let your writing 
and speaking stand out from the crowd. 

HEAD OF THE CLASS 

Spelling is the simplest thing Word 
Finder can do for you. 

Touch Synonym and your speaking and 
writing will explode with incredible new 
power. You'll have 4/2 megabytes of $5 
$10 and $25 words to let you express 
your ideas with exquisite precision. 

It may not always be fair, but it's often 
how you say something, rather than what 
you say, that lets you get ahead. And, 
with Word Finder, you'll have incredibly 
creative word power at your fingertips. 

4/2 megabytes is equivalent to about 
12% Б” floppy disks on an IBM® PC. 


EXCESSIVE RIGOROUS 


DYNAMIC 


Yet, there's no programming. Just type 
in a word and away you go. 

You'll always have the right word at 
the right time. And, if you're not abso- 
lutely sure of a word's meaning, just 
check a few of its synonyms. 

EASY TO USE 

Just type in a word and touch Spell or 
Synonym. There's nothing to learn. It's 
great at work, at home or at school. 

If you'll supply the facts, Word Finder 
will supply the most powerful, vivid 
words to convey your concepts. And, 
unlike dictionaries and thesauruses, it's 
easy to use and totally hassle free. 

To use the Thesaurus, touch Syno- 
nym. When you push the down arrow, 
you will see main concept words. Touch 
the right arrow and you'll see more words 
with the 'same intent'. So, the thesaurus 
is logically arranged for ease of use. 

Plus, at any time, just re-touch Syn- 
onym and you'll start reviewing syno- 
nyms of the 'synonym' that was already 
displayed on the large, oversized 20 char- 
acter LCD screen. So, there's literally no 
end to the words you can explore. It's 
fabulous for creative writing. 

BOTTOM LINE 

While 100,000 dictionary words and 
220,000 synonyms may sound impres- 
sive, other computer based thesaurus 
companies count words such as create, 
creates, and creating as 3 entries. 

Using this method, Word Finder would 
have 660,000 synonyms. Why is Word 
Finder conservative? Well, when you get 
your spelling and thesaurus list from 
Xerox Corp and Microlytics, Inc., you 
can afford to be understated. 

SelecTronics, working with Microly- 
tics and Xerox's Palo Alto Research Cen- 
ter (PARC), has developed this product's 
incredible word compression technology. 

It's just 3" X 4" X 4". It weighs just 6 


TENACIOUS 


DETERMINED HEARTY 


TYRANNICAL 


STRIKING 


VIOLENT 


DRASTIC 


POWERFUL 
ROUGH 


DOMINANT 


PASSIONATE 


ARDENT 


STOUT 


LUSTY 
HUSKY 


RUTHLESS 


AGGRESSIVE 


POTENT 


BURLY 


IRONHANDED 


HARSH | 
BRAWNY 


STABLE 


RIGID 


DURABLE FORCEFUL 
UNFORGETTABLE 


oz including: 4 AAA batteries (included). 
It's great for business (thanks to Xerox) 
because it has First Names, Surnames, 
Corporate Names and Cities. 

You'll love it when you play Jumble 
(available in most daily papers), cross- 
word puzzles, Scrabble® and hangman. 

But, most of all, you'll love it for what it 
will do for your vocabulary. It's made and 
backed by SelecTronics' limited warranty. 

IMPROVE YOUR WORD POWER 

RISK FREE 

People look down at spelling errors. 
People look up to the rare individual 
with a rich and varied vocabulary. 

If you aren't 10096 thrilled with the 
ease of spelling or the wide range of 
dramatic words you'll have at your com- 
mand, return it in its original box within 
3O days to DAK for a courteous refund. 

To order your SelecTronics Word 
Finder 100,000 Word Spelling Diction- 
ary with 220,000 (660,000) Synonym 
Thesaurus to effortlessly let you locate 
and spell the right word for the right 
time correctly, call toll free or send your 
check for DAK's breakthrough price of 
just $99*? ($4 P&H). Order No. 6303.CA 
res add tax. 

Infuse your ideas with powerfully 
graphic words. You don't have to sound 
like a college scholar to add punch and 
panache to your speaking and writing. 

You and your children will be amazed 
at how a few well sculptured words can 
increase the respect people have for 
what you're already saying. 


B(PANE— 


K vy INC. Credit Card Orders Only 

I-800-325-0200 
For Toll Free Information, 1-800-325-0800 GAM- 5PM Monday-Friday PST 
Technical Information. . . .1-800-272-3200 
Any Other Inquiries....... 1-800-423-2866 
8200 Remmet Ave., Canoga Park, CA 91304 


BY TIMOTHY О. BAKKE 


A hasp is great for 
when you want to 
padlock something 
closed. But what 
about when you 
don't want or need a 
padlock?  Stanley's 
917 Lifespan Latch- 
ing Hasp has a latch 
that you turn to keep 
the hasp in place 
without the need for 
a lock. Stanley Hard- 
ware, 195 Lake St., 
New Britain, Conn. 
06050; about $5. 


Tight tilting window A 


Wenco's JX-7 line of tilt-in double- 
hung windows uses a newly designed 
jamb liner with Arloc-bulb weather- 
stripping that is said to minimize air 
infiltration and allow for sash adjust- 
ment after installation. Wenco, Com- 
merce Dr., Mount Vernon, Ohio 43050. 


Fungus fighter » 


Before you paint your house, you 
should wash it to clean off dust, 
grime, and mildew. Using Mildew- 
Check not only cleans off mildew, 
but prevents its return, says PPG 
Industries (1 PPG Pl., Pittsburgh, 
Pa. 15272). Mixed with bleach, the 
cleaner leaves an insoluble protec- 
tive film behind so mildew won't 
grow beneath the new coat of 
paint. One gallon ($12) cleans be- 
tween 200 and 250 sq. ft. 


Multi-beam flood A 


Varifocus Floodlight is the latest ad- 

dition to Toro's DIY outdoor-lighting 

line. You can get a horizontal or verti- 

cal, narrow or wide beam by turning 

the focusing ring. Six-fixture kit: $60. 

The Toro Co., 5300 Shoreline Blvd., 
LL. Mound, Minn. 55364. 


4 Contoured kitchen 
What's missing in this kitchen? Cabinet hardware, 
finger-grips, and hard edges. All doors on the 
Metro laminate-covered cabinets are touch-and- 
open simple, and all edges are rounded 180°, 
Available in white or almond. Excel Wood Prod- 
ucts Co., 1 Excel Plaza, Lakewood, N.J. 08701. 
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Affordable Home Security 
Begins at Radio Shack 


Discover the Convenience of Plug 'n Power™ Systems 


| Enjoy total remote control of appliances, incandescent lights or TVs 
throughout your home! Just plug remote controllers into AC and plug 
lights and appliances into Plug 'n Power Modules—no wiring to install. 
(1) Wireless RF Remote Control System. Turn devices on/off from 
anywhere inside or outside your home! Receiver has a 15-amp resistive 
load AC outlet. Controls up to three more devices using Modules below. 
BOS euh) ei RSS ER SESS $8 ER Sees S 39.95 
(2) Remote Command Center System With 16- Button Control. Turns 
most appliances on/off, or dims lamps. #61-2690............ 24.95 
(3) Mini Remote Control Center. "Bank" switch controls up to eight 
sets of Modules plus functions of 61-2690, above. 761-2677 ....12.95 


(a) Appliance Module. 15A, 1з HP motor. 500W lamp, 400W TV 


pie. „аря кз CANOE жа LOMO шй eA жыз i 2.95 

Control Lights and Appliances From (5) Dimmer Module. Up to 300W lamp. #61-2682 2i m 
Anywhere in Your Home (6) Wall Switch Module. Up to 500W lamp. #61-2683 ........ 12.95 

: | ud ча | AC (7) Universal Appliance Module. For 3-prong plugs. реце аге same 
Бану 10 Бегор ив. Plug MEO AG as 61-2681, above. #61-2684 ............................ 13.95 


All control systems and modules UL listed for electrical safety. 
Burglar & Fire Alarm Center | Complete System 


15995..::: 


$15 Per Months 
Е Easy to Install! Do it Yourself апа Save— 
ша Add Accessories to Customize Your System 


TUG te ШШ. : 

ET Effective perimeter and interior zone protection—the 
kind recommended by professionals — designed for 
easy do-it-yourself installation! Features four sepa- MO ES a 
rate burglar-alarm loops, a 24-hour fire alarm loop z— 
and а 24-hour system tamper/panic loop. Magnetic | Save 2830 2145 
switches, smoke, temperature, motion and other Reg. Separate Low Ns 
sensors w^ be wr anytime. It ir “|, сее а Items 243.25 $15 Per Month + 

+} i hone dialer (extra) to automatically call for emer- | 
нох erm SYNUTS One gency help. Includes 57-page installation/operation Burglar/Fire Alarm Center #49-470 
m Automatic Battery Backup manual and system planning guide. Automatic bat- idet чү it v та е 

-Ho i | i ! i | ire | stem Smoke Alarm # 
ш 24-Hour Fire Protection tery backup. Batteries extra (2 required). #49-470 pen and 2 Keys #49-523 


m Variable Entry/Exit Delays 6V Rechargeable Battery. #23-181 ... Each 9.95 | Magnetic Switches (4) 449-495 
= 
| Send for Your FREE 1988 Catalog 


Radio Лаек 
| i IO ae Mail to Radio Shack, Department 88-A-385 


| 
The Technology Store” | 300 One Tandy Center, Fort Worth, TX 76102 
| 
| 
| 


= ж mm rs кн ss — A س‎ 


A DIVISION OF TANDY CORPORATION NAME 


Prices apply at participating Radio Shack stores and dealers STREET 


BY TIMOTHY 0. BAKKE 


Little dipper A 


Eclipse rearview mirror dips 
automatically under the 
glare of bright headlights 
so you can keep both hands 
on the wheel. A photodiode 
switches on a tiny electric 
motor that tilts the mirror. 
When the hazard is past, the 
mirror returns to normal. 
Response time is Мо sec. 
Stewart Automotive Ltd., 
Greenock PAI6 4EQ, Ren- 
frewshire, Scotland. 
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Auto desk » 


Need to make notes on the 
way to work? Would you like 
to have a place to store maps, 
hold trip files, and keep a log? 
Rubbermaid's portable desk 
is a modern version of the lap 
desk, with a closable storage 
compartment and large writ- 
ing surface. It measures 1854 
by 15!'5 by 2 in. and costs $19. 
Rubbermaid, 1147 Akron Rd., 
Wooster, Ohio 44691. 


« Carburetor keeper 


You can bolt any carburetor, 
alternator, or air-conditioner 
pump to this plated-steel po- 
sitioning device—and free 
your hands for work. The $30 
tool can be mounted to a 
workbench or held by a vise. 
King Tool, 5350 Love Lane, 
Bozeman, Mont. 59715. 


Super CB A 


The powerful seven-watt Pro 
640e CB radio has single-side- 
band transmitting and receiv- 
ing capabilities. SSB lets you 
split the normal 40 CB chan- 
nels into 120, and increases 
range by 50%, says Uniden 
Corp. of America (6345 Castle- 
way Ct., Indianapolis, Ind. 
46250). Price: $270. 


PATENT PENDING 


STORAGE BOXES 


FOR SPORT/UTILITY VEHICLES 


SECURED BEHIND 
THE WHEEL WELL, 


STOWAWAY 


Tools, Fishing Tackle, 
Toys, Camera Gear, 
Maps, Papers, Hardware, 
Tow Chains, Snow 
Chains and More! 


OVER 25 CUSTOM 
ENGINEERED MODELS! 
Broncos, Blazers, Ram 
Chargers, Cherokees, 
Suburbans and More! 
Constructed and designed for rugged use. 


24 HR. TOLL FREE ORDER LINE 
1-800-533-5436 


x GATE- LINER. 


New from Lido, Inc. Protect your tailgate with this 
durable gate cover customized for your full-size Bronco 
or full-size Blazer. $56% plus applicable tax, shipping 


and handling. Call today! 


A. B. 

BIG BLAZER MONTERO/RAIDER SUBURBAN BIG BRONCO 
Available for right and left sides. Cus- Mounts on top of the wheel well. Avail- Available for the dh] side only. Utilizes existing pouch. Available for 
tom speaker enclosure in the lid. able for right and left sides. 271 x 134H x BAW right and left sides. 23:1 x17Hx8'4W. 
2741. x 16'5H x BW. 231 x 10'5H x BEW No tray with pouch cut out on left side. 

ISUZU TROOPER TOYOTA FOUR-RUNNER 

Available for the right and left sides. Available for the right and left sides with 

(Style A) 27[ x 17H x BEW. access to inside storage panel 
151 x 14H x ВШМ, 

RAM CHARGER 

Fitted for both left and right sides TOYOTA LANDCRUISER | 

(Style А) 274L х 17H x 84W. eee cd crore iach ane pm 
м i x 4 e А i 

RANGE ROVER т ИВА 


Available for the nght side only. Simply re- 
move existing shelf on side panel. [he lid 
now acts as the track for the сыр cover. 


(Style B) 274L x 15'5H x 84W 
S-10/S-15 CHEV/JIMMY 
Available for only the right side. 
23'4L x 145Н x 9'9W 


(Circle One) \ VISA | / MC / CHECK — 


Yin wra бнын Buah Gren man Tee "m ee 
i LET [ius nou n e p m dutem. oo Dun The 

VID ашы scere eee кыч [уыт Daun Inm 
Y V eS "e aa m 1 


CHEROKEE 
Available for right and left sides. 
23'4L x 15H x BEW. 


CREDIT CARD NO. EXPIRATION DATE 


"ut rut Mat Tal pon 
mue. hup emn asm caters 
eames отти оны (hs 


Signature As On Card NOTE: 


: | ENCLOSE UPS ADDRESS FOR SHIPPING! 
i DAY PHONE А 
LID O 13615 TOPPER CIRCLE #2 
SAN ANTONIO,TX 78233-4031 


IN CORPORATED SATISFACTION GUARANTEED! 


WAGONEER 

Available for the right and left sides. 
(Style A) 23'5L x 16'5H х 84W. 
SUZUKI SAMURAI 


gion fitted for "i dm the back seat. 
aL X 13! 3H X Bs 


a 


| SHIPPING & 
HANDLING 17ea. 


PATHFINDER 
Available for right and left sides. 
23151 x-154H x BEW. 


REP ES. 1 


BRONCO II 


Available for right and left sides. 
19L x 13H x 8'5W. 


BY WILLIAM J. HAWKINS 


Zap sapper A 


Before you let your fingers 
dance across the computer 
keys, tap the First Touch 
Static Control Strip. That, 
says maker 3M, eliminates 
any static electricity you 
might have, preventing the 
high-voltage jolt from dam- 
aging the computer. The 
$20 stick-on strip works on 
word processors and elec- 
tronic typewriters, too. 


Round sound > 


With no flat surfaces, 
Sound Cylinder PRO loud- 
speakers are free from un- 
wanted vibration and can 
disperse the sound equally 
throughout the listening 
room, says maker Ohm. 
Three models: $750, $950, 
and $1,200 a pair. 
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< Color cloner 


Kodak claims you can’t 
tell the difference be- 
tween the original and 
a copy made on its new 
ColorEdge duplicator. 
Reason: Translucent po- 
lyester-based toners are 
used to reproduce high- 
quality color on plain 
paper or transparen- 
cies. Price: $1, copied 
about 60,000 times. 


Electronic linguist 
Plug in a memory card, 
and Toshiba’s IC Voice 
teaches you a language. 
The cards hold up to 80 
sentences that can be 
heard in any order or 
chosen randomly by the 
player. The player also 
digitally records up to 
8 sec. of your speech to 
compare against what 
you hear. 


Handle on weather A 


Press a button on Gen- 
eral Electric Co.’s 40- 
channel Mobile CB, and 
the set instantly gives 
you an up-to-the-minute 
weather forecast. To do 
it, the radio tunes one of 
three weather channels, 
giving it access to over 
300 NOAA broadcasts 
that cover almost 90 
percent of the United 
States. Price: $100. 


Coming next month in Popular Science 


Chances are, if you're going to 
have people over for dinner this 
summer, you're going to be grilling 
out. Yes, barbecuing has become 


In next month’s POPULAR SCIENCE 
there'll be a lively special section 
featuring products and ideas for 
your summer backyard barbecues. 


America’s favorite form of home 


entertaining. 


Rare Technical Books! 


ALTERNATOR 
ba ISECRETS 


| Get thousands of watts from a 

fa common auto alternator! Turn 
; cay Wie ae 
Run tools, "pe. AC-DC 


RUN THREE PHASE MOTORS 
On Single Phase 


Three proven methods! Up to 150 hp 440VI No motor 
rewinding needed! Jam-packed booklet! only $3.00 


| TESLA COIL SECRETS! 


GIANT BOOK 
CATALOG! 

| Send $1.00 for a giant catalog of | 

hundreds of incredible technical 

how-to books! Everything from per- | 

petual motion and machine shop to 


motor rewinding, steam power, 
prospecting, moonshine, storage 
batteries, and much, much more! 
| You must see this catalog! Or get a 
copy free when you order a book 
direct from this ad. 


HOW TO ORDER 


Write your name & address clearly 
on clean paper and send with check, 
MO, Visa or Mastercard numbers. 
Specify what books you want. 


Money Back Guarantee! 
| All books are guaranteed. Money 
back if not satisfied. Highest quality 
books! Fast service! Fair dealing! 


WATCH FOR IT! 


MELT METAL! 


Melt aluminum 

and brass in a 

five gallon pail 

with grocery store 
charcoal! Cast 

ingots, machine parts, 
morel Easy, low cost! 
Complete how-to! Best 
selling paperback book! 


booklet! Only $6.95! 


$3.00 


Incredible 
collection of 
foundry books! See 
catalog for 
complete details! 


Page through the private notebooks of a 3 ia 
builder of lightning bolt generators! Incred- @& WE | 
ible diagrams and secrets! Rare info! eet? ay T. Lx A ian 
paperback book! only $6.95 aa 


PISTON 


Build a precision metal cut- 
ting lathe with hand tools! No 
precision equipment needed! 
- Cuts steel to .001" Inch. Large 
{ capacity! It's true! Complete 
detailed how-to! Paperback 
only $7.95 
Build an entire machine shop 
2 fromscrap! Complete series of 
books shows how! 


Lindsay Publications 


PO Box 12-EQ, Bradley 60915 


MUST SELL 


AT HUGE SAVINGS TO YOU! 


Factory 
New! 


SOLIDEX ` 
VIDEO REWINDERS 


Increase Your Viewing Time that used 
to be spent rewinding tapes. And, take 
the work "load" off your VCR's motor with 
a VHS or Beta Video Cassette Rewinder 
by Solidex. Special arrangements with the 
manufacturer make this a great buy. 
Big Advantages! This "must' device 
quickly rewinds video cassette tapes. 
Extends the life of your VCR's motor. And, 
helps you avoid costly VCR repairs. Act 
NOW! Put this unit to work for you! 
e Reduces Costly Wear on VCR Motor. 
€ Fast, Efficient Operation Cuts Delays. 
Lets You Spend More Time Viewing, 
and Less Time Waiting. 
€ Auto Shut-Off. Auto Soft Eject. 
e Compact, Space-Saving Size: 2V?"H x 
5"W x 11%"D. LED "On" Light. 
1-Year Limited Factory 
Warranty Parts/Labor. 


а а » а а в а в а 


VHS: Кет Н-3557-7152-291 
Beta: Item H-3557-7226-798 
S/H: $4.50 each 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 

SEND TO: 
GOME Authorized Liquidator 

В 1405 Xenium Lane N/Minneapolis, MN 55441-4494 ll 
Please send the items(s) indicated below. (Minnesota | 

Ш residents add 6% sales tax. Sorry, no C.O.D. orders). | 
Send... VHS s) Item H-3557-7152-291 at $19] 
i each, plus $4.50 each for insured shipping,handling. 
Send. Beta Rewinder(s) Item H-3557-7226-798 at $19 
each, plus $4.50 each for insured shipping, handling. 


U My check or ey a dei is n E (No delays nil 
ji processing orders paid bv check. id 
check: DES OCS) A с 
—— € 8 
- PLEASE PRINT CLEARLY ES - 
| 
{ Address Apt # | 


EH o mm. 2 2 c ce XT 
B state ee ü 
ü Wd x 050 0 2 7 


Sign Here آل هى د د ود‎ 
-—— — n — un шип  — mn Î 


MAY 1988 | 113 


Sunflower over Tokyo (Continued from page 75] 


from behind a cloud.” At the end of 
the day the computer directs the col- 
lector to face east to catch tomorrow's 
sunrise. 

Below the focal point of each lens 
in the collector is a cable of optical 
fibers, their ends highly polished. 
These pick up the concentrated sun- 
light and deliver it to the rooms below. 
Light collected by one lens and trans- 
mitted through 130 feet of cable is 
equivalent to that produced by a 100- 
watt quartz-halogen bulb. 

Each fiber-optic cable contains 37 
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tiny fibers. Only 0.02 inch in diame- 
ter, they are specially made to be 
transparent to visible light. 


Fortuitous filtering 


Indeed, visible light is about all that 
enters the fibers. Most of the suns ul- 
traviolet and infrared radiation is 
filtered out by the acrylic bubble and 
by the focusing characteristics of the 
Fresnel lenses (see diagram and 
caption). 

"At first I thought that eliminating 
the other rays would be detrimental," 


(GOOD ses 
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notes Mori, “but actually there are ad- 
vantages.” For one, little heat is trans- 
mitted because much of the infrared is 
blocked. And because most of the ultra- 
violet is blocked, this sunlight does not 
fade fabrics or damage skin. 

In fact, the filtered sunlight can pro- 
mote healing, Mori claims. It has 
helped rheumatism sufferers and has 
speeded the healing of bed sores, ac- 
cording to the inventor. Now two uni- 
versity hospitals in Tokyo are con- 
ducting controlled experiments to test 
its health benefits. 

La Forét's experiments indicate that 
this filtered sunlight is superior for 
plant culture too. Mori postulates that 
ultraviolet radiation inhibits plant- 
cell growth and causes mutations, a 


| claim he concedes is not established. 


Whatever the explanation, lush 
plants grow in unnaturally low light 
in La Forét's labs. The piped sunlight 
is supplemented with artificial light. 
"But with only artificial light the 
plants die," Chatani says; “when we 
add natural light they thrive." 

Mori believes that Himawari sys- 
tems could make underground space 
usable for growing food and reduce 
the need for windows in human habi- 
tats. "The price of land is sky high in 
Tokyo," says Chatani, “so we have to 
utilize the basement." 

Himawari systems also could be 
used to deliver sunlight deep in the 
ocean, where it would promote the 
growth of algae. That in turn would 
feed higher life forms and eventually 
edible fish would proliferate, Mori ex- 
plains. Shimizu, Japan's largest con- 
struction company, is to start research 
this year on such an application at its 
marine-technology center. 

Mori also believes Himawari sys- ` 
tems could solve some of the problems 
of space stations. The sunlight could 
support the growth of algae or other 
plants that can live on human and an- 
imal waste, Mori suggests. Fish could 
be fed from the algae and in turn pro- 
vide food for people. "And algae use 
carbon dioxide for photosynthesis,” he 
notes, “and produce a lot of oxygen." 
Boeing Aerospace Co. recently ordered 
a demonstration unit to test the 
concept. 


Nitty gritty 


Currently, there are 100 Himawari 
installations in Japan. Most are in 
large buildings where they deliver 
light to indoor plants. 

The Himawari route to natural 
lighting is a costly one. A home-size 
system (with one collector of 18 small 
lenses) sells for about $7,700. A full- 
size system (with a 196-lens collec- 
tor) costs around $200,000. Operating 
costs, though, are low. 25 


Hunting neutrinos 


[Continued from e 74) 


town of Walden near Sudbury, Ontario. 
The great depth is necessarv to shield 
the detector from high-energv radia- 
tion from space; onlv about 100 cos- 
mic ravs per dav will travel through 
it. It would occupv a cvlindrical cav- 
itv 20 meters in diameter and 32 me- 
ters high, lined with one meter of 
low-radioactivitv sulfurcrete blocks 
to reduce background radiation from 
the surrounding rock in the mine. A 
stainless-steel liner in the double- 
walled detector encloses 5,200 metric 
tons of ultra-pure light (normal) water 
to further shield the heart of the ex- 
periment, an acrylic vessel holding 
1,000 metric tons of 99.85-percent- 
pure heavy water. 

(“That is possible,” says Bahcall, 

“only because the nuclear-fission in- 
dustry in Canada as well as the rest 
of the world is in trouble, and there- 
fore Canada has lots of available deu- 
terium from its heavy-water reactors. 
So they are willing to lend an inter- 
national experimental collaboration a 
kiloton of heavy water. The cost of that 
much deuterium would have been 
$200 million, but SNO will get it just 
for the price of the insurance.”) 

Cerenkov radiation generated in the 
heavy water by neutrino interactions 
will be recorded by 2,000 20-inch pho- 
tomultiplier tubes positioned 2.5 me- 
ters from the surface of the acrylic 
vessel. 

Much of the preliminary design 
work for SNO has been completed, 
with funding from the U.S. Depart- 
ment of Energy, the National Science 
Foundation, and the Canadian Natu- 
ral Sciences and Engineering Re- 
search Council. The cost of the project 
would be roughly $30 million, with 
about $8 million from the United 
States and the rest from Canada. Con- 
struction could be completed by 1992. 

Another quite different neutrino ex- 
periment is also being proposed by a 
separate group of U. C. Irvine physi- 
cists, also under the leadership of 
Frederick Reines. Called GRANDE, 
for gamma ray and neutrino detector, 
it would look for a different category 
of neutrinos, with much higher ener- 
gies than those from the sun or from 


supernovas, neutrinos that theorists | 


believe are emitted by binary neutron- 
star systems. And it will be respon- 
sive to the electron flavor only. 

All in all, a new era in astronomy 
has opened, with exciting prospects. 
“Perhaps we will find an incredible 
treasure," says Bahcall. "Perhaps, 
from studying the macroscopic behav- 
ior of the sun, we will stumble on 
something about the fundamental 
forces of nature. If it doesn't happen, 
there will be lots of wailing and 
gnashing of teeth." 
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Car-care quiz [Continued from page 94 | 


retarded again. But when I attempt 
to rotate the distributor to adjust the 
timing, I am not able to budge the 
housing. 

Suddenly, I realize that not only has 
wandering timing been the truck's 
problem all along, but there's now no 
way to readjust it. 

What's causing the power loss and 
the timing retard? 


Solutions 


eliminate the possibility of future 
lazy-valve-gear glitches. A weak valve 
spring allows the hydraulic lifter to 
pump up with oil. That condition 


2 A partial blockage in the exhaust 
system is restricting exhaust-gas flow. 
An engine is like an air pump. If you 
restrict or close the outlet of a pump, 
the pump's cylinders fill but cant 
empty. 

The excessive back pressure created 
from the clogged exhaust system 
caused the EGR valve to open pre- 
maturely. This also had an adverse 
effect on engine performance. That's 


I because the function of the EGR valve 

в Power Tools в Log Splitters is to divert exhaust gas into the com- 
m Hand Tools and Equipment bustion chamber. This exhaust gas 
= Gas Engines = Air Compressors partially displaces the incoming 
= Generators and Air Tools 4 The valve springs for cylinders charge of fuel and air and cools the 

| = Hydraulic a Trailers and three and four are weak and must be chamber temperature to reduce the 
Parts Trailer Parts | replaced. Install a complete set of formation of oxides of nitrogen—a 

в Welders  — в АМО MORE!!! __ | springs to solve this problem and pollutant formed only at elevated 


combustion temperatures. 

So why was low-speed engine per- 
formance better during warmup? 
Most EGR systems come with a cool- 


Address __ ——— 
City holds the valve off its seat, causing  ant-temperature override switch. 
State p” poor performance. Its always a good Mounted in an engine-coolant passage, 
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practice to check valve springs dur- 
ing an overhaul. Valve squareness 
should be eveballed with a machin- 
ist's square; the free-standing height 
checked with a straight edge; and the 
spring strength tested with a spring- 
tension gauge. Squeezing the springs 
with your hands, however, is not an 


the switch blocks vacuum to the EGR 
until the engine is sufficiently warmed. 

A vacuum gauge is a handy tool for 
diagnosing plugged exhaust systems. 
Attached to any vacuum source on the 
intake manifold, the gauge should 
read between 15 and 20 inches at idle. 
To test for a plug, raise the engine 
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wandering timing should 
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A change in ignition tim- 
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Piping light | 


[Continued from e 79] 


"But operating costs are reduced by 
about forty percent," he added. "There 
is a tremendous maintenance cost in 
commercial buildings due to changing 
bulbs and cleaning fixtures. With 
Light Pipes, the bulbs can be central- 
ized for easy changing. And because 
the fixtures are sealed, no dust gets 
inside." 

Light Pipes can also save energy on 
air conditioning. Because the bulbs 
can be isolated from the lighted 
spaces, it's easier to engineer a build- 
ing to capture the heat from lights in 
winter—and vent it outside in sum- 
mer, when that heat places a heavy 
burden on the cooling systems of com- 
mercial buildings. 

The energy required for lighting it- 
self is likely to be similar in Light 
Pipe and fluorescent systems. The 
standard way to measure lighting 
efficiency is in lumens per watt: how 
much light (measured in lumens) you 
get out for every watt of electricity you 
put in. 

"Assuming you start with an ef- 
ficient source such as metal-halide or 
high-pressure-sodium lamps, a Light 
Pipe lighting system will be at least 
competitive with fluorescents," noted 
Saxe. "But if you start with an inef- 
ficient incandescent bulb, Light Pipes 
will be much less efficient." 

3M did an analysis comparing the 
economics of a conventional fluores- 


cent lighting scheme with one using | 


Light Pipes and a mixture of high- 
pressure-sodium and metal-halide 
bulbs. (An independent firm is con- 
ducting a similar analysis, but it is 
not yet complete.) The space in ques- 
tion in the 3M study was a 113,000- 
square-foot office. To light it with 
fluorescents would take 1,200 fix- 
tures, and the installed cost would be 
$130,000, the analysis concluded. To 
illuminate the space with the Light 
Pipe system would take only 220 fix- 
tures, but the cost would be $160,000. 

The Light Pipe system, however, 
would save $23,000 per year in oper- 
ating costs, the study showed. So the 
added initial cost would be paid back 
in less than two years. 

Both TIR and 3M see a large com- 
mercial market for Light Pipes com- 
bined with efficient light sources. 
"Daylighting will come later," White- 
head predicted. “It doesn't make eco- 
nomic sense today in terms of energy 
saved," he noted. "In mass production, 
and if the energy prices rise, it will 
make a lot of sense," he added. “But 
people are interested now. We are 
amazed at how much people want 
natural light." 05] 
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Pedal-powered сһоррегѕ (Continued from page 841 


sandwich braces glued to the rotor's 
interior trailing edge. "Almost every- 
thing took us three or four tries to get 
right," Larwood says. 

Total weight of Da Vinci П is less 
than 140 pounds. 

Initial testing in the Cal Poly gym 
used only three sections on each blade. 
The gym isn't big enough for the full 
138-foot diameter. But the results 
looked good enough to go for broke (lit- 
erally), and the Douglas hangar was 
available. 

"Testing is a two-stage process," says 
Quinn Crowell, who graduated last 
spring and now works for the U.S. 
Army testing helicopters at Edwards 
Air Force Base. “First, we have to get 
it to hover. Then we can worry about 
flying it." 

"Control is a real question," adds 
Tod Palm. "If it drifts, well have to 
incorporate some lateral controls, and 
that opens up a whole new can of 
worms.” 


Coning conundrum 


For senior student and power-train 
specialist Rob Bernier, the real con- 
cern was coning. That’s what happens 
when the blade tips sweep upward in 
a high arc as the rotor turns. Da Vin- 
cts blades are so long and limber that 
coning—and the sharp loss of lift that 
accompanies it—was almost certain. 
Even worse, the curving rotor would 
cause the propeller string to bind, 
making pedaling harder for the pilot. 

"If it cones up too much under 
power," Bernier says, "well have to run 
some guy wires to hold the tips down." 
In fact, that's just what happened. In 
the first trial with all four sections in- 
stalled on each blade, the rotors 
swooped up like a candelabra. "Those 
tips had to be at least twenty-five feet 
off the ground," Bernier noted as he 
watched a videotape replay. But Da 
Vinci's triangular base remained firm- 


| ly on the floor. 


In the next test, with the rotor angle 
of attack increased, one blade stalled 
and fell out of the air with a sicken- 
ing crunch. The rotor's tip-mounted 
landing skid— designed to protect the 
delicate prop—cracked, and the pro- 


| peller was destroyed. Backup props, 


not quite as well finished, came out 
of a packing box. 

At the same time, the team decided 
to go with the guy wires to reduce the 
rotor coning. Installation took up 
most of a Sunday, with carbon-fiber 
tubes inserted between the second 
and third sections of each blade and 
wires mounted in a triangular fashion 
both inboard and outboard to stiffen 
the long expanse of blade. 

Finally the moment of truth arrived, 
and Andres Eulate began to pedal. 


The string broke. Forty-five minutes 
later, the rethreading operation was 
complete, and he tried again. Rotor 
rpm approached five, and Da Vinci's 
frame lifted and leaned, straining to 
leap into the air (see photographs). 
Then a balsa flap tore loose and one 
blade dropped. i 

Da Vinci II looked like a lopsided 
sea gull as Eulate slowed and the 
blades skidded to a stop. For a mo- 
ment, the students thought that it had 
lifted off. But the brief moment of ela- 
tion and shouting was over when the 
video replay showed part of Da Vin- 
ci's frame always grounded. The good 
news was that coning was sharply re- 
duced by the guy wires, and that with 
some slight adjustments, hovering was 
possibly only an hour away. 

Still, Bernier was worried about the 
next test. "There's a lot of lateral force 
on the guy-wire strut," he said. "I 
think it's going to snap.” 

They tried again. As the engineer- 
ing students yelled, “Go Andres! Go,” 
Da Vinci's front point lifted six inches 
or more off the floor. Then the second 
side of the triangular base came up 
and only a small section of tubing re- 
mained earthbound. Eulate tilted side- 
ways and put all the power he had left 
into stroking the take-up ellipse. 

Cra-a-a-c-k! The sound snapped 
through the air. The guy-wire strut 
broke, just as Bernier had feared, and 
the blade dropped like a dead pigeon. 
When it hit, smashing its prop and 
landing skid on the concrete, the op- 
posing blade had nowhere to go but 
straight down. Its prop and skid also 
shattered. 


Crash aftermath 


“The rotors are OK,” Patterson said 
after an inspection. “And they’ve got 
lots of data. They already know what 
fixes to make.” 

With stiff upper lips and Da Vinci 
II disassembled and trailered, the 
team headed north to face exams, then 
a holiday devoted to modifying their 
helicopter and trying again. It was a 
bittersweet moment for Rob Faye: “I 
think we've shown that we have a de- 
sign that works," he said with soft- 
spoken pride. But on the day Da Vinci 
II broke, he was only three weeks from 
graduation and a real-world job. “I can 
get back,” he said wistfully, “but you 
know, I wont be involved." 

No matter who finally claims the 
Sikorsky Prize, every contestant even- 
tually adopts Curtis Barnes's philos- 
ophy on human-powered helicopters: 
"My goal is simple. Just hover an inch 
off the ground for sixty seconds, then 
zoom up to ten feet and crash. I just 
wish somebody would do it so I can 
quit." 


Whats New at “The Source” of the 
eiectro-mechanical components 
AMERICAN DESIGN COMPONENTS? — for the hobbyist. P 


e warehouse 60,000 items at | 3^ ", 20 Mb, HALF HT.| 5%” FULL HEIGHT 'MINDSET* COLOR GRAPHICS 
f American Design Components - | HARD DISK DRIVE DISK DRIVES — Personal Computer System. . . 


expensive, often hard-to-find com- | ө 
ТТТ . Fast graphics capabilities allow you to RUNS ALL 
ponents for sale at a fraction of their 48 TPI (IBM' Compatible) caw. animate Scone objects Манд THE SAME 
original cost! | pa DD, 40 Track ; 265К w/360K floppy disk drive. Con- PROGRAMS 
You'll find every part you need — | ye 51928 $79 O0 tains built-in RGB/Monochrome card AS THE IBM* PC! 
tem è Mew 


Î either brand new or removed from & TV adapter. Incl. ea joystick, 
| GW BASIC & MSDOS 2 
equipment (RFE) in excellent condition. 2 for $150.00 new 
But quantities are limited. Order from 48 TPI (TRSBO/Zenith/Xerox | tem #16077 New— $299. 00 
this ad, or visit our retail showroom dai compa: Da) eL INN ACCESSORIES. . . 
l | даг $; tem idis * NV RAM 8K Cartridge — 

rin hmi x soi. up $79.00; 2 tor $150.00] Provides 8K non-volatile гаи а 

| 48 TPI, SS/SD, 40 Track item #16078 Mew- $29.95 
OPEN MON. — SAT., 9-5" Shugart /SA400. Item #1895. |, p $5 


: * RS-232 Module 
THERE'S NO RISK. БКО avtaiai n we 2 for $75.00] w/Power Option — 
With our full 90-day warranty, Mfr — Lapine #LT200/2000 eoe oo Density Provides EIA standard RS-232-C 
any purchase can be returned for: ИТИ $199.00 New $89.00 


serial interface. 
: Item 41893 
any reason for full credit or refund. " * * * * 
DISK DRIVE CHASSIS 


Fits standard 5'4" spacing. High 
speed, low power. Comes w/both 


Item #16080 Mew- $39. 95 l арты вив | 
seil hid ' EXTERNAL COMPUTER GRADE SWITCHING 
ADAM COMPUTER TIMEX-SINCLAIR. . . 
2040 


POWER SUPPLY POWER SUPPLY 
PRINTER 4 


f less "US 
printer) 
No wiring 
necessary 
{just plugs 
together). 
Hook-up xd 

diagram included. Includes: Keyboard, 1 cas- 
sette digital data drive, 2 game controllers, 
power supply, & one cassette. Capable of Uses standard 45" thermal paper. | Dim.: 11"W x 8H x 12" deep 


running CP/M, has built-in word processor. Item #15851 $339.95 New Item #14541  * 59.50 
Item #7410 Complete - $99.00]pCc 8300 55 RPM SATELLITE 


ACCESSORIES... HOME COMPUTER POSITIONING MOTOR 
Data Drive — Item #6641 $19.95 wise 

ирон soir in $14.95 
ASCII Keyboard — 


DC Output: +5V @ BA 

+ 12V @ 500ma 

—12V @ 200ma 

+ 24V @2.0A 
Input: 115/230VAC, 50/60Hz. 
Dimensions: B" x 45," x 2"H 
Mfr — Power Systems #Р51547 

Item #16585 $19.95 


| 12V BATTERY PACK 
& MATING CHARGER 
12V (9 9.5Ah 


Other uses-runs CB & car radios. 
Comes ready to plug in! 
DC Output: | - 5V @ .5 amp. 
45V @ 3 amp. 
+ 12V @ 6 amp. 
Input: 115V/60Hz. Dimensions: 
9'A"W x Зза Н. (Rubber ft. incl.) 


Item 49501 $24.95 Mew 
RECHARGEABLE 
LEAD ACID BATTERY 


Can accommodate: 
2 full ht. dives — ouritem #7928 
2 floppy drives #1904 
1 hard drive & 1 floppy #13250 
Input: 115/230V, 50/60 Hz. 

Originally for Burroughs computer. 


32 column — compatible w/any 
af the Timex-Sinclair computers, 
as well as our PC 8300 Computer. 


Advanced 
version 


Item #6643 $19.95| ta Eis 
Controllers (Set of 4) — gia Баб 1000 


| кет #7013 $9.95 nrc 
Adam Cassettes — 
(Consisting of Smart Basic, Buck Rogers & 
blank cassette.) Item #7786 
BAKER’S DOZEN — $19.95 
Adam Link Modem — _ (Software incl.) 
пет #12358 $29.95 
Disk Drive Power Supply —, 
мег 114608. $14.95 
| ColecoVision to Adam 


Expansion Kit = #9918 $59.50 


Adam Daisy Print Wheel — 
i Item #13305 $3.95 


TTL MONITORS... 
Open Frame ~ 


E 42-key mech. keyboard. 
2K RAM. Rev. video, 280А, 6.5MHz | 
processor, ROM BK BASIC. Graphics. 
cap./sound-music, TV or monitor. 
Joystick input. 115 VAC. AC adapt., 
TV cable, & cass. cables. Runs tapes 
for Sinclair/Timex 1000-2X%85. 

Mfr - Power 3000. (In orig. boxes.) 


Item #10336 $29.95 new 


Sealed, compact power sources 
designed for long life and durabil- 
ity. Perfect as portable pack for 
use with robotics, model cars, 
trains, etc. Bolt terminals. 
ол к 3 ven P MEN Ыйы 
Monde r — Matsushita or equiv. r — Yuasa, type NP15-12 
Item #5149 ВЕЕ | item #12277 Д N @ 800Ma. Perfect for battery- 
* 16K RAMPACK upgrade 59 95 524 95 Now operated toys, robotics, solar 


item #10337 $9.95 New — MOTORS — TIMERS — PUMPS — storage, burglar & fire alarms, etc. 
* 32K RAMPACK upgrade OA Dim.: 44 "Wx 5%"Hx5%"D 
Item #12148 319. 95 MM. POWER SUPPLIES — VOLTAGE REGULATORS ter ż14619 $29.95 New 
|22” COMPOSITE 
MONITOR 
Black & White, 
Raster 
Scan 


Reversible capacitor induction 
motor. 115V/60 Hz., 30 in. ЛЬ. 
torque. 14W. Front flange mount. 
OA Dimensions: 3%"D x 5"L 
Shaft: 30 x 1"L 


Consists of: 2 solid gell cell bat- 
teries, 6V @ 9.5Ah ea. Connected 
in series by a fusable harness. 
Mating battery charger: 12VDC 


MOTOR|CHEMICAL PUMP 


1 2" 
High- 
Resolution 


12VDC, green phosphor. Subassemblies, | Usable for 
CRT, board & transformer included. Comes | vacuum or pressure 


with hook-up diagram. арса 
pplication. 4 CFM/15 PSI max. 
Item #6811 $19.95 new 15” cont., 28” intermittent. 


15” Data Display/Monitor Kit Pump is directly coupled to a GE 
Alphanumeric & graphics display. Green ja HP, 1625 RPM, 115 VAC, 50/ 
phosphor. Input power reg. 24 VDC. Band- | 60 Hz., single phase З.ВА motor. 
width: 22-72Khz. Consists of 2 subassem- | Thermally protected. Mtd. on metal 
blies (monitor B board). Hook-up diagram | base. Dim.: 5% "W x 14*,"L | | 
incl. Mfr — Wells Gardner 415V7025. — IMfr-Ġast O040-V119 (oillessi & СЕ| Item #9983 $59.50 New| USED — Mfr: Centaur/Howard | Mfr — Wells Gardner 22V1003A 


item #16171 $24.95 New] ет #5327 $39.95 nrc or 2 for $ 100.00 — item #5345 $5.95] item #16579 $49.95 new 
ELECTRONIC AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM | 


CASH REGISTER DRAWER YES! Please send me the following items: LI My check or money order is enclosed. ORDER. 
(Can be Computer Operated) Item How i C] Charge my credit card. $15. 

———— Ь. No. Many? Description Price Total Г] Visa O Master Card DI Amex PS-588 
Card No. 


Exp. Date 


115VAC/60Hz., 21W., 2BA., 
3100 RPM, 5-blade model, alu- 
minum housing. Can be mounted 
for blowing or exhaust. 
Dimensions: 4" 4,4" sq. x 1%” deep 
NEW — Mfr: IMC 


кет #1864 $9.95 


| For use in pumping water/chemicals, 
hot/cold. Range: 30 GPM (m ЗОН. 
head; max. head 5C ft. Pump is 
supplied wita HP motor, 115/230V 
50/60Hz. Thermally protected. 
Inlet: 1*5,"L x 6" dia. x 5%"H 

Mfr — SEI #12895-002 


| Standard 
TV-grade monitor, 

originally used in arcade games, igni- 
tion systems, etc. 115VAC, &OHz. 


Signature 


Telephone: Area Code Number __ 


Name 
Address 
City 


—— Shipping & handling, we ship UPS unless 
otherwise specified. Add $3 plus 1096 total. 
Canadian: $3 plus P.O. cost. Charge only. 


With up L Sales Tax (N.J. residents only, 


Fits right underneath your PC. Comes wire- 
movable cash drawer; and security switch 
wikeys, which allows you to open or lock 
the drawer manually. Cabinet is brown; 
mounted on rubber feet. Overall dimen- 
sions: 1834 "W x A" Н x 15" deep. 


Item #12265 $59.50 New | 


please add 696 of total) State Zip 


ORDER TOTAL All inquiries and free catalog requests call 201-939-2710. 


For all phone orders, call TOLL-FREE 800- 524-0809. /n New Jersey, 201-939- 2710. 


The 'OFF-LAWN' Mower 


m mM 


AtLAST!...a machine that | 5 ШР а 
makes your entire property / — 
more useable, accessible / 


if ul D in 
| anea peau £i talli , Product available LI Mows Anywho, 
in Canada! ' MON са H walks 3 


| If you have over an acre of land, the 
TRAIL BLAZER® Sickle Bar Mower is "P 
the perfect 'off-lawn'' mower for cutting 8 ~ 


| grass, weeds, even light brush of any Powered 
height in all types of terrain. Cmm 
e Amazingly fast!.. < WORK! 
cuts 1,500 sq. ft. of overgrown 
weeds in under 5 minutes! 
| a o " 
e Blaze nature trails for action" blade 
walking, hunting, skiing, snowmobiling. __ — CT Ll — 
317 
e Enhance the beauty of Garden Way Mfg. Co. Dept. A833 
your place by clearing unsightly suckers, | аы жр Tour E E 
vines and bushes. Y ES! Please send me your FREE Catalog on 
| how the TRAIL BLAZER Sickle Bar Mower can 
e Have a safer place, too! | help me unlock the full beauty and enjoyment of my 
„without fire hazards, driveway blind | улен details on prices, models and savings 
spots and poison ivies, oaks or sumacs. | | А 
| i NAME = 
For FREE Information Package. ADDRESS > 
Call 1-800-453-3900 Ext. 833 CITY Е 
or Mail This Coupon TODAY! aid i 3 
—— ا‎ = 


L 


Opportunity knocks with Tri-Steel whether you're interested in a fantastic buy 
on a new home or a versatile business opportunity with tremendous potential. 


We Make It Easy With: 

* Low capital investment programs 
e Substantial discounts on homes 

* Unrestricted sales territories _ * Clearspan interior flexibility 

* Noinventory requirement s." Hundreds of popular designs 


e Full training and support 2 4% * Fast, simple construction 
* Financing assistance ! | * Unique patented designs 
* Advertising support V : | e e Custom designs available 
e Construction assistance У Я ^ =F е Affordability 
DISTRIBUTORS T з St j Join the 
WANTED fl-SLEECI Industry Leader 
For a Free Packet and more information 
Call Toll Free: 1-800-433-5555 
In Texas: 1-800-772-5909 


Our Steel Frame Homes Offer: 
e Super energy efficiency (R-30) 
* Low maintenance/high strength 


Choose from a wide variety 
of Versatile and Refundable 
Investment Programs 


19588 All Rights Reserved 
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Two steps in one: Lower perch (top) is 
| license holder (center) folded down. 
For high perch, lock it with top step. 


Ever try to get a leg up on the engine 


| compartment of your van or truck 


by standing on the skinny slippery 
bumper? A better way is available 
from Fold-A-Way Corp. (5600 National 
Turnpike, Louisville, Ky. 40214). The 
Fold-A-Way Bumper Step bolts on 
through holes provided for states that 
require a front license plate. 

There are two models: one- or two- 
step. I prefer the two-step shown here 
because it provides extra strength 
when supported by the lower step (bot- 
tom photo). It also gets you up just 
that much higher.—James R. Holt 


Shock stopper [Continued from page 96 | | 


the power within a few milliseconds. 
GFCIs protect only against line-to- 
ground shocks, not line-to-line or line- 
to-neutral shocks. Fortunately, the 
latter are not nearly as common as 
ground faults. 


Feed-through protection 


Most receptacle GFCIs are designed 
to feed through their protection to 
other outlets. Two of the five leads or 
terminal blocks are labeled "line" and 
two are labeled "load," with the fifth 
one for grounding. (See first wiring 
pictorial. Use of a GFCI in first- 
receptacle position will protect an en- 
tire branch circuit, except the wiring 
between the service panel and the first 
receptacle. Instructions with the GFCI 
tell how to locate the first outlet in a 
circuit and how to find the house line 
and load wires. With a GFCI wired 
for a feed through, you change this 
first outlet only. All outlets beyond it 
in the circuit must be left as two slot. 
Furthermore, a grounding conductor 
must not be connected between the re- 
ceptacle GFCI and any outlet supplied 
from it. 

A GFCI may be used in a non-feed- 
through installation by leaving its 
load terminals empty or placing wire 


nuts on the ends of its load leads, as 
in the second pictorial. 

In connecting a receptacle GFCI, be 
sure to follow the instructions that 
come with it, though these do not gen- 
erally cover its specialized use as a 
replacement for two-slot outlets. For 
home safety you not only want cor- 
rect polarity at each GFCI, you want 
any two-slot outlets served by a feed- 
through GFCI wired with correct po- 
larity [^How to Check for Wrong-Way 
Polarity," July '85]. Check them to be 
sure. The narrow receptacle slots 
should be hot and the wide slots 
should be at ground potential (dead) 
when the circuit is turned on. Re- 
versed polarity does not affect the op- 
eration of a GFCI, however. 

Since the outlet box is not grounded, 
the Code does not require bonding of 
the receptacle GFCI’s grounding lead 
to the box. This means that the 
grounding lead or terminal is left va- 
cant. Being ungrounded has no effect 
on the GFCT's function, however. Care 
must be taken to be sure that it does 
not contact any uninsulated live parts 
inside the outlet box. If it's a lead, 
thread a wire nut on it; if a terminal, 
run the empty hex-head binding screw 
down tightly. And when mounting the 


receptacle to the box, be certain that 
any live wires are kept away. 

To work properly, receptacle GFCIs 
need a "ground reference." In a prop- 
erly wired house, this is provided by 
the service panel's neutral busbar, 
which is bonded—electrically con- 
nected—to the main panel enclosure 
and through this to the house ground- 
ing-electrode system. Most often, the 
grounding electrode is a buried water 
pipe. 

If spare capacity is available, a cir- 
cuit with grounding may be extended 
by adding additional wiring and out- 
lets. An ungrounded circuit, whether 
it has GFCI or not, may not be ex- 
tended. New outlets must be served 
by equipment-grounding conductors. 

Remember to test all your GFCIs 
periodically as is directed in the 
instructions. 

While your GFCI update does not 
provide grounding, it does give ex- 
tremely sensitive, fast-acting ground- 
fault protection that can save some- 
one's life. Still, having ground-fault 
protection is no reason for careless 
handling of electrical tools and appli- 
ances when you are wet or grounded. 
Using good electrical sense is still your 
best protection. 


OPPORTUNITY CALLING FROM NRI 


Start your 


own telephone/ 


cellular radio 


service & repair, „©З 


business 


New Bootstrap Industry Lets You Be Your 
Own Boss 

since the breakup of AT&T, things aren't the 
same in the telephone business. Now there's a 
perfect new business opportunity for thou- 
sands of independents who have been trained 
to service, install and repair old phones, plus 
all the new cordless and cellular mobile car 
phones, that are becoming more and more 
popular. NRI's training and start-up equipment 
offer you the option of starting your own 
bootstrap business or cashing in on the jobs 
being created by the new telephone 
technologies. 

NRI shows you how you can make a good 
living in telephone servicing, with a practical 
combination of electronic fundamentals and 
hands-on experience with all types of phones 
in use today in homes and offices—cord, 
cordless and cellular. 


The heart of NRI telephone training is eight 
Action Learning kits. You master the "reason 
why" theory, then you move immediately 


into "hands on" prac- 
tices. Using a digital 
multimeter and a tele- 
phone line analyzer, 
you'll test every function 
of a telephone line, zero- 


= = 


and correcting them. 


ing in on the problem spots 


As an NRI student, you learn at home, at 
your convenience. Without rigid night-school 
schedules or classroom pressures. NRI's 
tested "bite-size" lessons lead you step-by-step 
toward your goal of independence as a 
telephone service expert. 

Send coupon for FREE catalog 
Find out for yourself exactly what this new 
.. NRI training can do for you. 
~~», МЕГ free catalog gives 
* you all the facts on training 
— for Telephone Servicing & 
- Repair or other technical 
fields such as Micro- 
computers, TV/Audio/ 
. Video System Servicing 
ч and Communications Electronics. 
“a If coupon has been removed, write 
to NRI Schools, 3939 Wisconsin Ave., 
Washington, DC 20016. 


L Jm RR rop m 


Are, 


|] Telephone Servicing | | Building 


SCHOOLS Course Construction 
For Career courses 
oe oe гайни >Ш approved under GI Bill | Û] Bir Gonatan [ ] Industrial 
| isconsin Avenue i Е efrigeration, Electronics 
Washington, D.C. 20016 $ il | LI check for details. Heating and Solar iii 
| WE'LL GIVE YOU TOMORROW. Technology Courses — LI ina 
Please rush me the one free catalog | : : егип, — 
| | have checked. I understand there is no obligation. LI Amal nan Repair heel tl ak 
: NN Microcomputers, 
U Др Servicing Electronic Design 
— echnology, 
Name (Please print) Age | м 
| Г] Locksmithing Course ao 
Address [C] Automotive 
Mechanics Course 
City/State/Zip 


| Accredited by the National Home Study Council. 


132-058 
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INTRODUCING 
New 1988 Rasca O 


Medicare 
Approved 


d —- 
OUR HIGHEST QUALITY 
AFFORDABLE 
ELECTRIC 3-WHEELER 


Take this compact, portable 3-wheeler 
anywhere. Easy One-Hand Operation. 

| Built-In Battery Charger. Rear Suspen- 
sion System. MEDICARE and private 
insurance reimbursable. Call or send 
coupon below for a FREE 20 page color 
catalog. 


1-800-662-4548 
ASK FOR A FREE 


ET FE, 


| #1 Mobility Plaza, Sewell, NJ 08080 

| МИШ м es RN 
| Address _ | |  Á| ) .— 

|  —— Mill-— 

| ита ma 
L. 


GOLD & PRECIOUS METALS 
MERCHANTS* 


TURN YOUR SCRAP INTO CASH! 


WE BUY 


Unwanted 
estate 
or damaged 
jewelry 


Dental gold 
Platinum 
Palladium 


Silver, etc. 


TERMS OF PURCHASE 
@ Payment in U.S, funds. 
B Transactions strictly confidential. 
ш Record of transaction will be enclosed 
with your check, noting: 
- Unopened parcel weight. 
- Weight of net contents. 
- Value of gold determined by New York 
Gold Market, upon receipt of assay. 
- Details of assay. 
W All metal received is melted down and 
considered scrap. 
B Allow 14 days for precious gems to be 
appraised by our gemologist. 
Purchaser becomes owner of goods shipped on 
receipt thereof at prices and terms outlined above. 
Print in block letters & include in your parcel 
your name and full mailing address. Send to: 
(In U.S.A.) 


Free 20-Page, Full Color | 
HOME 
_ CATALOG  (DEMONSTRATIONIJ 
| | 


SWISS_INTERNATIONAL 


(In Canada) 


Taking Care of Your Ca 


By STEVE MERCALDO 


DRAWINGS BY RUSSELL VON SAUERS 


Cracking Chrysler's fault codes 


Ifthe POWER Loss/ Power LIMITED light 
on your fuel-injection-equipped Chrys- 
ler’s instrument panel glows while 
you're driving, the diagnostic system 
has detected a fault in the engine- 
control system, and the computer has 
stored a fault code or codes. To see 
the codes, turn the ignition switch on- 


Torque steering 


| 


| Front-wheel-drive cars often pull to 


one side during hard acceleration and 
pull to the opposite side when decel- 
erating; this 1s called torque steering. 
Excessive torque steer can be caused 
by a faulty tire. To find out, swap tire 
and wheel assemblies on one side of 
the car. If the problem is cured, re- 
place the original front tire. ' 


off-on-off-on within five seconds with- | 
out starting the engine. The POWER 
Loss lamp will light for two seconds 
(a bulb check), and then flash codes. 
Count the flashes. For example, two | 
flashes, a short pause, then three 
flashes indicates a code 23. Check a 
service manual for code descriptions. 


Small-block oil seal 


If you’re rebuilding a small-block 
Chevrolet V8 and the timing-case seal 
has worn a groove in the harmonic 
balancer shaft, there’s an easy solu- 
tion. A new seal from Victor (Dana 
Corp., Box 455, Toledo, Ohio 43692- 
0455) is designed to reposition the seal 
lip % inch away from the worn loca- 


| tion on the shaft. 


51.6. & P.M.M.-PS 
301 Sheppard Ave. W. 
Willowdale, Ontario 
M2N 1N4 Canada 
$.1.G. PM.M. LTD. 


S.1.G. & P.M.M.-PS 
471 Center Street 
Lewiston, New York 


14092 U.S.A. 
“Registered Trade Name 


Got a useful car tip? Send it (with Social Security No.) to Car 
Care, POPULAR Science, 380 Madison Ave., New York, N.Y. 
10017. We'll pay $50 if we use it. No tips can be returned. 
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Tightening flywheel bolts 


Here's a trick for tightening or loos- 
ening bolts on a flywheel that wants 
to turn: Offset the clutch pressure 
plate downward and attach it with two 
bolts. Prop the pressure plate up 
| against the frame, the bottom of the 
| body, or whatever else will support. it. 
| Now you can turn those bolts. 


` Block refurbishment 


When overhauling an engine, it's well 
| worth it to arrange through an auto- 
parts store to have the engine block 
| chemically cleaned. This process re- 
moves foreign matter from the oil gal- 
leries, cooling-system passages, and 
cast and machined surfaces. Before 
cleaning, all oil-gallery and core plugs 
and bearings must be removed. 


PolySeal Your Car... 


With Color! 


A Protective, COLOR-ENHANCING 
Car-Care Product That Actually 


Comes in YOUR CHOICE OF COLORS! 
You'll Never Use Ordinary Car Polish Again! 


E The Original POLYCOLOR Cosmetic Polymer 
Sealant Comes in 16 Colors to Match Your Car! 

E Enriches and Deepens Your Car's Color As It Shines. 

B Hides Spiderwebs and Minor Scratches with Color. 

E Effortless “Touch-Up” Beauty Treatment. 

Ш Locks out the elements (Sun, Salt, Rain, Detergents, Road 
Grime, Tar, etc. ) with a Tough, Hard Polymer Shield! 

B Keeps Your New Car Showroom Bright. 

B Restores Older Cars With New-Car Brilliance. 

@ Removes and Prevents Oxidation. 

E No Rubbing or Buffing, No White Residue. 

E Easy , Fun One-Step Application-Wipe On, Wipe Off. 

Bi Lasts Up To З Times Longer Than Wax. 


@ Exact Formula Used By New Car Dealers Who Charge 


$200+ Per Application. Do It Yourself and Save! 


Remember the day you picked out 
You probably liked it because of the ma 


Color...with 
shine...that you really 


| IM White W Silver (Metallic) Bl Dark Blue 


ur new car... 
‚ features, and 
price...but if you're like most car buyers, it was the 
its rich, dazzling-bright showroom 
fell in love with! Thus our chemists 
have developed a Color-Formulated Cosmetic 


Easy to use! Lightly apply POLYCOLOR to vour 
car s finish. Wait 10 minutes, wipe it off, and watch the 
deep, rich color of your car return to a "Like-new", 
Showroom Bright appearance. Each 16 oz. bottle 
of POLYCOLOR will do 2-3 cars, and comes 
with 16 oz bottle of POLYWASH Professional- 
Strength Car Wash Detergent that includes 
extra Polymers for added protection. Choose 
the Colors of your choice below: 


Ш Black Bi Maroon E Light Blue Light Brown 


ш Dark Brown 
B Red W Gold (Metallic) B Light Green lii Light Grey 
E Orange Bil Yellow Ш Dark Green li Dark Grey 
Instant Phone Orders, Call: 1-805-962-9119 


10096 Satisfaction Guaranteed, Or Return for full re- 
fund of purchase price. Send check, M.O. or your 
Visa/Mastercard # and Exp. Date., or call 24-hours a 
day, 7 days. Orders Shipped promptly by UPS. 


OFor one Polycolor and Polywash kit: $19.95 


Polymer Protectant, that brilliantly enhances your 


(plus $2.95 shipping and handling). 


car's color as you effortlessly shine it. 


Not a car Wax! POLYCOLOR 
is the ultimate car-care product; 
an Ultra Thick, Rich, non- 
abrasive Polymer Emulsion, 
utilizing state-of-the-art silicones, 
and now Color Formulated 
with special harmless but effective 


pigments and dyes in all 
car colors! 


| You've worked 
fi hard to make your 
| lawn and garden 
beautiful, but the only 
things coming up are 
those dirt mounds that 
announce—you ve got 
moles, gophers, wood- 
chucks or other burrow- 
ing rodents! 

You can't surrender to 
these invaders. But poi- | 
sons and traps might hurt | 
the kids or pets. And any- | | 

way, they'd make you feel / 
like a murderer. 
Technology's solution is 
WalkMole?——-our exclusive 
European import! 
Harmless to humans 
' and housepets, 
this small device 
fits in 


popular 


over the rodent's . IM. - 
tunnel. It emits a 
continuous under- 
ground electric pulse 
that drives burrowing 
| rodents so crazy, they're 
out of their holes—and 
l your yard— forever. And 
| the only servicing this 
| watexprdot device needs 
is a twice-a-year change of | 
] "D" battery. 
Order it now with our 
30 day, money-back return 
privilege. Better yet, order 
several and save. And clear 
your yard of burrowing ro- 
dents with a clear conscience. 
Credit card holders may 
order using the toll-free numbers 
below. Or send your check or | 
money order (add 6% sales tax ¢ 
in CA) and include delivery. £Y 


OSave Over $10! Order 2 Kits @ $29.95 
(plus $3.95 shipping and handling). 
OSave Over $30! Order 4 Kits @ $49.95 
(plus $6.95 shipping and handling). 
Color Choice Kit (*1) 
Color Choice Kit (#2) 


Santa Barbara Products 


2016 Foothill Rd., Dept PSI, 


Calif. residents add 6% 
Santa Barbara, Ca. 93105 і 


sales tax. No COD 


Each WalkMole has two 6" 
stakes, a 54/2" green battery 
housing and weighs 1 Ib. 


B 1 WalkMole MD#70 
$59.90 ($5) 


B Set of 2 MD 122 
$114.90 (58) 


la Set of 4 MD#444 
$228.90 ($12) 


Order toll-free 24 hrs. a day 


800-346-9666 


RYANS 


——— À—nÀ M. 
BY e М А | L 
VD ELEME те Миы” ү 


23010 Lake Forest Dr., 
Suite D321 
Laguna Hills, 


the Please remember to men- 


ground 


tion the product number. 
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A selection of products and services for PoPULAR SCIENCE readers avail- for this section, write Advertising Sales, POPULAR Science, 380 Madi- 
able direct by mail. Enjoy the fun and convenience of mail ordering son Avenue, New York, N.Y. 10017 
shopping. Please order directly from the advertiser. For advertising rates 


SE MUST PUBLIC NOTICE: 
Ma ۴ | Due to a variety ої reasons, (overproductions, dis- 
| i | У continued lines, Etc...) manufacturers & distributors | 
L / Q U | D A TE get STUCK with inventories that must be liquidated. | 
: ! DAMARK walks in, lays down cash, and takes the | 
AT FAR B ELOW entire inventory. This is how we can offer you 
DEALER COST! products at BELOW DEALER COST! Just LOOK | 


— INTERNATIONAL, INC. — atthe values below and order today - QUANTITIES | 


| DAISY WHEEL | DYNA | Elec Ses ere and when youn ! 
XEROX/DIABLO P R | МТЕ R PRO SERIES HO pġ dry Duty. Ga | 


Enjoy the ease and MADE IN Made in U.S.A. Complete with four120 volt | 
speed of printing with U.S.A and one 240 volt , 15 amp outlets. | 
this Xerox/Diablo 630 p 3000 Watt 

ECS/API Daisv Wheel Mig. $^ $649.00 
Printer. Prints both $39 
graphics and letter a insured ShipHand : $45 00 

quality text without 


4000 Watt 
Mig. $, $749.00 


BRIGGS 8 STRATTON ENGINE!| oe, No — 


* Single phase, 60-cycle (household) power. "sured Ship/Hand.: $48.00 
+ 4-Cycle gasoline engine with recoil start. 


| Solid state ignition. 4000 Watt 96. Start 


| changing Daisy Wheel! 

s 40 characters per second with plastic print wheels. Manufacturer's 

* 32 characters per second with metal print wheels. Suggested Retail 

* Paper width: 16.53" max. if using friction feed; $1995.00 
15.25" max. if using forms tractor (not included). 

* Graphics, HyPlot Vector Plotting, Word Processing. 


* Plastic daisy wheel included. * Carrying cradle. p 49.00 
* API (All Purpose Interface) works with most 3 3 9 8 : Running time: Approx. 2 hrs/tank. | DAMARK PRICE: | — ias 
ersonal or business computers on the market. Waheed EEN Ta IRE IO 552 a 
p p Order No. B-540-102103 * Weight: 92 Ibs (3000W), 130 Ibs (4000W). Order No, B-540-103481 


* 90-Day Warranty! Insured Ship/Hand. $26.00 @ - FULL ONE YEAR WARRANTY?! Insured Ship/Hand.: $48.00 


BUS | TELESCOPE NE COMPUTE R CRYSTAL 


LIGHTNING | 


Have the power 
of lightning at 


| Built-In Word . 
| Processing, 
| Spreadsheet, your finger tips 

Filing and Tele- : = and let the spec- — 
communica- каша нна а ignis tacular, brilliant 19 
tions--Heady с storms move to | 
instantly Wher- ` .. .— | your touch, the beat of your music 
ever You Go! To n] and the sound of your voice! 


Reach out and touch the stars with 


this astronomical Bushnell Telescope. § Let You Get The With the touch of your finger, the sound of your voice, or 

This is the HOTTEST PRICE on a Job Done Wherever It's Convenient! Ihe beat of your music this shimmering lightning show | 
А will synchronize with the beat, translating sounds into | 

Bushnell Telescope in the Country! FEATURES: hypnotic visual images. With the touch of your hand, | 


Bushnell decided to liquidate : s БАК RAM memory stores data. dazzling formations 

their factory demos. As a result Manufacturer 5 „4 Built-In el Included: B sin uiri Я | dance harmlessly from Manufacturer's 
we can offer them to you at a Suggested Retail: @ word Star-To-Go, Calc-To-Go. uggested Hetall M finger to finger. Suggested Retail 
ONCE-IN-A-LIFETIME PRICE. $275.00 Personal Filer and Telcom. $995.00 Mimi dualis EGE $199.00 


- 800mm focal length. " * Built-In 300 bd modem w/auto dial. : "i 
» Three eyepieces: 40x, 64x, ОАМАНК РАІСЕ: 80 column x 16 line LCD Display. LSS 


200x. | * Interfaces: Standard Parallel, ut = 
- Barlow 2x doubler $ 8 8 232C, Modular phone, CMT. 29 8 dmm $ 99 
* Includes wood tripod with * FULL FACTORY WARRANTY! * Removable dark shield for 
accessory tray. Order No. 8-540-102111 If Optional peripherals available Order No. B-540-100156 viewing in daylight. Order No. B-540-103218 


FACTORY DEMO Insured Ship/Hand.: $8.00 M from NEC. Insured Ship/Hand.: $11.50 M «0-DAY WARRANTY! Insured Ship/Hand.: $5.00 


FOR FASTEST SERVICE Fete TOTAL 


1-800-533-3379 “лз 


DC 12v adapter 
* DC 12v adapter included. DAMARK PRICE: 


PRODUCT ITEM NO. 
XEROX Diablo Printer. B-540- ES 


QTY. I 


S/H/l 


GÀ 
Eu ae 


BH NAME ші 
ADDRESS Bi 
ш fg EE Ea omn d 

[|| PHONE CORPORATE OFFICE (612) 560-5415 | mi 
mi L] CHECK/MONEY ORDER l DELIVERY TO 48U.S. STATES ONLY Total S/H/I | | i 

in MN add 6% Sales Tax 
О1 МІЅА [0 MASTERCARD CARD NO. | |. . . EXP. DATE TOTAL | gf 

[ Send To: DAMARK INTERNATIONAL, INC., 7714 Brooklyn Bivd., Minneapolis, MN 55443 
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"CABLE TV 
EQUIPMENT 


к к к STARRING 9с 4 9с 
JERROLD, HAMLIN 


AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 

* LOWEST RETAIL; WHOLESALE PRICES IN L5 

+ ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 
FOR FREE CATALOG ONLY 1-800-345-8927 


FOR ALL INFORMATION 1-818-716-5914 


| PACIFIC CABLE CO. INC. 


7325% RESEDA BLVD.. DEPT 1419 
RESEDA, CA 91335 


FOR SPEEDIER DELIVERY 


PLEASE USE YOUR 
ZIP CODE 


DRILL WATER WELLS «DIG TRENCHES *AUGER POST HOLES 
PLANT TREES * DIG FOOTINGS * SPLIT WOOD * EXCAVATE .. 
Additional Attachments Available 


AUGER ATTACHMENT | FREE WATER! 


Drill your own 
water well 
on your 


Heavy Duty Hydraulc Power unit alows operator " perform numerous 
tasks with a wide variety of attachments, thereby eliminating the need 
for separate engines and hydraulic pumps. 


SEND $5.00 (refundable) TO: 
EXPANDER MFG., INC. 
10415 Rockley Rd. 
Houston, Texas 77099 


1-713-530-7979 


1200 Amp Welding 
Generator . 


* Profitable Home Business 
e Plans, Kits & Supplies 


e Easy to Make 
FREE 


J & L CASUAL FURNITURE ITEM 672 = 
| BROCHURE  .x208—5. Tewksbury, MA 01876 | $ 96.50 - 
| — | Plus shpg. and handling, 
e Military surplus P2 generator. Use to build 
$$ SAVE $$ own high current DC welder. Output 28 VDC, 


cont. Requires 10 HP engine, 
و‎ Thorough diam. ка ii 
Thorou pee tione 


IMPROVE PERFORMANCE 


Revolutionary! New! One tima engine oil treatment drastically 
reduces friction. Lubricates all moving parts. Increases horsepower, 
improves М.Р. provides faster starts even in coldest weather, gives 
longer engine life, will not fush out Works in all 4, ê А В cyl. cars or 
trucks. Satisfaction guaranteed or your money back. Order your can 
of the amazing System 48-Pius oll treatment today: $14.50 plus $2.00 
shipping. A. G. WILSON AND CO.. 8318 ATTICA CT DEPT. А-5, 
JONESBORO, GA 30238. 

GA residents please add 3% sales tax. 


200 
| 3600 RPM. CC 
put shaft w/keyway. 


ize 6" diam. x 15" 
CALL БЫ 
Burden’s Surplus Center 
1015 West ʻO” P.O. Вох 82209-PS • Lincoln, NE 68501-2209 | 


Ask For Free Catalog! 


Revolutionary NEW 
DR'M Trimmer/Mower 
ON WHEELS! 


«Rolls light as a feather on TWO BIG WHEELS! 


Far less strain on arms, back, body and 
nerves than hand-held trimmers! Much 
SAFER to use. 3.5hp 4-cycle engine starts 
more easily than 2-cycle trimmers, 4 
requires no gas/oil mixing, has the power | 
to handle our EXTRA-Heavy nylon 

jcord. New Cutting Head design takes 


ithe hassle out of replacing cord. 


ePRECISION TRIMS under ana along 


fences, buildings, gardens, borders; around 
trees, flower beds, lawn furniture; under low 


| branches, shrubs, etc., etc. 
ePlus, has power fo MOW 
everything from whole lawns (even wet) 
to tough , waist-high growth with 
incredible ease. Rocks, roots, stumps, 
bumps, do it no harm because the 
DR has no steel bladesto bend, 
break, or dull! PREVENTS DAMAGE 
to costly walk-behind and riding 
mowers! Lets you mow AND trim 
problem areas faster, easier than ever 
before! May be the ONLY machine you 
need if you have a fairly small lawn! 


greatest breakthrough in power 
equipment since the invention of the rotary 
mower itself! Please mail coupon below 
TODAY for complete details! 


Country Home Products, Box 89, Cedar Beach 
Road, Charlotte, VT 05445 (802) 425-2196 


YES! Please rush complete нест иг details 
about the Revolutionary DR™ TRIMMER/ MOWER 

l including prices, models with and without ELECTRIC 

I STARTING and 'Off-Season' SAVINGS now in effect! 


1 Name 
! Address 
l 


City ——— 


[SR „Др 
| Mail To: COUNTRY HOME PRODUCTS, Dept. A3805, 


"Pound for pound, the best piece 

of equipment we ever bought!" 

Lloyd А. Cestare,RD #1,Perkasie, PA 18944 
_ © 1988 Country Home Products, ne L 


The DR™ TRIMMER/MOWER is the | 


Box 89, Cedar Beach Rd., Charlotte, VT 0545 _ | 
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Train 
FAST 


at Home! 


If you enjoy fixing things, you're a ‘‘natural”’ 
to make hundreds of EXTRA DOLLARS a 


“War injuries 
badly handicapped, but 


i'ma 
s g Locksmith, thanks to 


ur training. 
v is fascinating. If 1 can 


do it anybody can. — 
Glen Jo 


Make Up to $26.00 an Hour — even while learning! 


Bea LOCKSMITH 


This VET Did It - and YOU 
Can Do It 


left me 
financial success 


Too! 


Besides, the 


hnson, Larned, Kan. 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 


QUICK WEDGE 


SCREW-HOLDING SCREWDRIVER 


year in the fascinating business of Lock- аге doing it. So can YOU. m | 
PIRE: Rising aus ja? grin dé- MAIL COUPON to discover how Locksmith- Drives screws n 
mand for service a thousandfold. Yet there's ing can keep the extra money coming in dur- | AN am 
only one Locksmith for every 17,000 people! i spare D ho -- Dr in Jour own A -time anywhere With 
COLLECT CASH PROFITS ALMOST AT ONCE! business. Ideal for retirement— good jobs, too. One hand 
You're “in business” ready to make $10 to $26.00 FOLEY-BELSAW INSTITUTE тен 4-PACK with 
an hour a few days after you begin Foley- 6301 Equitable Rd., Dept. 11415 ages wedge Into | 
Belsaw's shortcut training. Easy illustrated les- Kansas City, Mo. 64120 screw Slot to hold FREE RACK 
вона complens with ALL practice equipment it firmly and start it s14% 
iA at any angie... with 
| ' КЕ Includes 3", 4" & 6'' blades | 
@ EXPERT PERSONAL ASSISTANCE E) UNCONDITIONALLY to fit most screws. | 
© BUSINESS-BUILDING HELP GUARANTEED 


SS EE س‎ Mm کے‎ n KENN: LL! LL LIV IN ست‎ IK: س‎ шышы ышы ышы 


FOLEY-BELSAW INSTITUTE Visa/MasterCard No 


6301 EQUITABLE RD., DEPT.11415 


MAIL THIS COUPON » NO SALESMAN WILL CALL 
THIS DO-ALL PRO 4 FOLEY У 
\ BEL SAU 


| 
N. Hunt, Wilmington, Del —'l- make 550 a 
week extra.’ 
R. Davis, St. Louis, Мо, —'l cleared $110 last 
Saturday." 
Ed Boyle, Pittsburgh, Pa.—''My business going 
at top speed. I'm moving to bigger quarters.” 


P.O. Box 25667, Salt Lake City. Utah 84125-0667 


you a penny Бару с 1987 by Kedman Company 


l 
l l 
: 
KEY MACHINE YOURS KANSAS CITY, MO. 64120 | Bias | 
| @ Rush FREE book, “Keys to your Future.” | NAME = 
TO КЕЕ! KEEP! Name — —— —————— _ _.. | ADDRESS | 
"Сап add $50 |. CITY STATE ZIP l 
to $100 a week сото р ————— - ра | 
to your in- a ү SIGNATURE | 
come... and |! City. State Zip i |  KEDMAN COMPANY. INC. ! 
doesn' t cost | l 
| | 
1 


Tired of pulling 
starter cords ? 


Start your power equipment 


ew Bulldozer 


Control your VCR from 
any room in your home. 


CONSUMER SALES | 
ЧА асаа 800-356-7657 
800-346-4823 


Assemble this MAGNATRAC, Bulldozer KIT ! 
Thousands sold for excavating, gardening, log 
ging, landscaping. Work for others for CASH! 
e CATALOG —Kit construction & uses....$1.00 
e KIT ASSEMBLY MANUAL—See Kit compo 
nents & full assembly. details.................5 7.00 


STRUCK-KIT *Box 307 * Dept: PS58 
Cedarburg, Wisconsin 53012 


Video Transparent Tape & Connectors 
Tape your home or apartment video signal from | 
room to room with INVIZ-0-LINK'" 


with SPIN START...end 
starter cord pulling forever! 
The SPIN START system enables > 
most popular engines used on ; 
mowers, tillers, etc. to be started 
electrically with a 3/8" drill and  |.5 
does not interfere with the У J 
starting cord. Cold, sluggish, _ X. в — 
and even flooded engines hr B 
start quickly and easily. = ЖЕ 
Perfect for people with EL t 
health limitations. = 
Order now. Get the benefits of abattery 4 
start system at a fraction of the cost! 
Each SPIN START kit comes with fully illustrated, step- 
by-step instructions for easy installation. 
Model 55-1 ($21.00) —Fits all Briggs & Stratton, Lawn- 
Boy, Sears and Tecumseh vertical shaft engines equip- 
ped with a vertical-pull starting cord. Can also be used on 
battery-start engines of the same makes. 
| Model 55-2 ($22.50) —Fits Briggs & Stratton engines 
| [| only, both horizontal and vertical shaft, 2 thru 8 hp, equip- 
ped with a side-pull starting cord. 
Model SS-3 ($29.50)—Fits Tecumseh and Sears 
engines only, both horizontal and vertical shaft, 2 thru 6 
hp, equipped with a side-pull starting cord. 
MONEY BACK IMMEDIATE MADE IN 
GUARANTEE SHIPMENT U.S.A. 
To order add $2.50 S&H and send check or m.o. to: 
SPIN START, 10802 E. 24 Hwy., Dept. WM 
| Prescription E eglasses P.O. Box 8688, Independence, Missouri 64054 
| | Mo. res. add sales tax: SS-1 $1.20, 55-2 $1.29, 55-3 $1.69 
Manufactured by Specialty Design Inc. 


Shop At Home 
$$ SAVE $$ 


safe, Easy. Full line of frames, lenses & 
coatings. Sport & dress. FAST delivery 
Try for 30 days. 100% Guaranteed, 
300,000 sold. Send for FREE catalog. 
Prism Optical, Inc., Dept. PS58 
10992 NW 7th Ave. 
N. Miami, FL 33168 


CHECK IT OUT! 


There are more opportunities, 


products and services offered in | үнєтон > 
M | l Е NON-FIRING MODEL GUNS... 

the "Classified Opportunity Mart," | „ 52е so ste Zine aloy em 

| | | | | real ammo. Assembled. FREE Catalog 

immediately following this section. | f COLLECTOR'S ARMOURY ces: |. 

You may find just what you've 

been looking for. 


Length: 
Toll Free 24 Hrs. | Weight: 41 oz. 1 
шш шш шы шш g g IL D D D 


` FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


START YOUR CAR FROM INDOORS - 


Call Or Write For Information Or A Free Brochure 


E.M.C., INC. (414) 284-6363 
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14,000 miles after 
treating his car with 
Fluro-Cote... 


Irvin Allen 
drained all the 
oil out of his 
Datsun 280Z 
and drove around 
a race track 
9 times. 


Oa was then put back in the car and 
Irvin Allen drove away- just to prove a 
point; Fluro-Cote treatment protects your 
engine and improves performance like 
nothing else. 

Fluro-Cote's 8 oz. bottle of formula 
contains 60% more super poly lubricant, 
(the slickest compound known) than our 
competition has in an entire quart. Fluro- 
Cote permanently coats all metal parts 
and reduces friction in engines as large as 
360 cubic Inches. By reducing friction, 
Fluro-Cote: 

* Reduces drag, 

* Increases mileage, engine compres- 
sion, acceleration and engine life. 

• Allows easier cold starts. 

* Delays costly overhauls. 

Fluro-Cote meets or exceeds every 
manufacturer's engine warranty require- 
ments and is compatible with all 
petroleum based or synthetic oils. 

If the skeptic in you 
needs more convincing call 
the toll free number below. 


Treat Your Engine Right 


One 8 ounce bottle, just 19.95 plus $2.00 shipping & 
handling. California residents add 6% sales tax. 


[ ]vs [| Mastercard [овоме [ |American Ex. 


‚ Мо. Ex mc 
Name 
Address ڪڪ‎ 
City = 
State zo 


Send check or money order to: Taylor Enterprises International Inc. 
202 West Hillcrest Ave., San Bernardino, Califiornia 92408 


1.800 / 999-1995 


і 
سے‎ um um um ma um mu ud 


f Please rush Dy 


Kitchener, Ontario N2H2WHB 


HOME 
PLANNERS 


INC. | 


y 


IMPROVE YOUR 
LOT IN LIFE. 


1) 125 CONTEMPORARY HOME PLANS 
striking designs for the 80's and beyond. Dramatic 

high ceilings, intenor balcones, terraces, atriums and 
more. Single- thru quad-level. 112 Pages. $3.95 


E 


2) 135 ENGLISH TUDOR HOMES 
The timeless elegance of English Tudor. High- 
peaked roofs. halft-hmbers, leaded glass. brick and 
тое facades. From 1.100 to 3.800 sa. ft 
04 Page 25 . 53 95 
наз 


3) 120 EARLY AMERIC AN HOME PLANS 
Classic American style with modern amenities 
Gambrels, Salt Boxes, Cape Cods, Farmhouses and 
other traditional designs. Enjoy country kitchens 
gathering rooms, libraries and more. 112 Pages 
23.95 


4) 136 SPANISH & W ESTERN HOME DESIGNS 
Casual homes for any climate or terrain Rambling 
ranches. Spanish stuccos, Western country homes 
even solar-oriented designs Finished beautifully with 
private courtyards, decks and terraces. 120 Pages 
23.95 


516 HOME STYLES......59.95! 
Order all four books and save! Satisfaction 
Guaranteed! 


4^ HOME PLANNERS, INC. 


Dept BK, 23761 | пове arch Drive, Farmington Hills, MI 48024 
eurn mal (check choice) 
| 4) 136 SPANISH & 
"WESTERN HOME 
DESIGNS $3.95 
775) ALLA BOOKS. 
7 ONLY 59.95! (Save $5, 85) 


11)125© ONTEMPORARY 
- HOME PLANS $3.95 
| 3) 135 ENGLISH TUDOR 
LI HOMES $3.95 
Г 13) 120 EARLY AMERICAN 
“HOME PLANS $3.95 


Name 

| Address. 
Сиу. Zip z 
in Canada mail tà Amount Enciosed I$ | 
HOME PLANNERS. INC Add $1.00 for Postage 
20 Cedar 5t. N Mich. residents add 4": gales taa 
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wholesale 
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Work part time, full time — 
right at home — we help 
you every step of the way. 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
ica s fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 


Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn.. 
and one-million new engines are being Duill each month. 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers. tillers. edgers. 
power rakes. garden tractors. chain saws. minibikes. 
snowmobiles. generators. go-carts. paint sprayers. 
snowblowers the list is almost endless 


Professional Tools and Equipment, PLUS 4H. P. Eh "traite 


ALL YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 
You dont need to be a ‘born mechanic or have any prior 


| experience. You can master this profitable trade right at home 
| in your sparetime. Lessons are fully illustrated .. So clear you 


cant go wrong. and with our famous learn-by-doing method 


| you get practical hands-on experience. We also show you 


how to get business, what to charge. where to get supplies 
all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do It TODAY! 

NO Obligation C NO Salesman Calls! 
You risk nothing by accepting thus offer to see how 
easily vou can learn the skills vou need to increase 
vour income in a hueh-profit business of vonr own 

Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 


by return mail. TA 
RUSH COUPON TODAV FREE 
Foley-Belsaw Institute hem BOOKLET! 
Kans irn = copy today! 
ansas City. Mo. 64120 > 
ا و‎ MA NC E 
g FOLEY-BELSAW INSTITUTE а 1 
6301 Equitable Ad., Dept. 51440 | 
" Kansas City, Mo. 64120 ' 
| 
1. | YES, please send me the FREE booklet that pP r 
U full details about starting mv own business in small d 
y Engine Repair. | understand there is No Obligation and fi 
i that No Salesman will call on me i 
ll NAME [| 
li ü 
ADDRESS 
li i 
l city i 
3 i 
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Be Your Own Boss and Make 


AN HOUR! 


Your FREE Lifetime Security Fact Kit tells you how to 
make $18.00 to $30.00 an hour in your own roley- 
Belsaw Full-Service Saw and Tool Sharpening Busi- 
ness. Your FREE Fact Kit explains how you can: 


— be your own BOSS! 


— work full time or part time, right at home. 

— do work you enjoy and take pride in. 

— operate a CASH business where 90¢ of every 
dollar you take in is clear CASH profit. 


And it is so easy to learn. Foley-Belsaw gives 
you all the facts and instructions. No experience or 
special training is necessary. Foley-Belsaw tells you 
everything you need to know to be successful. 


And there's plenty of business available in your area. 
You will be able to sharpen all types of saws. garden 
and shop tools for home, farm and industry. 

You will be able to set your own hours and not have 
to worry about layoffs and strikes. And there are no 
franchise fees. Any age person can succeed. 


But you ve got to get the FACTS before you can 
et started. So write NOW for your FREE Lifetime 
It's yours to keep with NO 


ecurity Fact Kit. 
OBLIGATION. 


Per 

FREE К 
LIFETIME | EET, 

‘CURI $$ 
FACT KIT FULL TIME or PART TIME 


Classified Opportunity Mart 


DISTRIBUTORS NEEDED _ 


COOL-TOOLER, INC. 
Exceptional business opportunity becoming distributor tor 
NEW Product! 12-volt Cooler and Tool’ Storage box built in 
one, for pick-up trucks of all Sizes Up to 50 pounds tood or 
48 12 oz. cans/appraximately 7 cubic feet Dry Storage. Uses 
vehicle power source, installs in minutes. 1 year warranty. 
THOUSANDS | )0 اا‎ Special trial affer. Limited num- 
ber o! dislribulors accepte 
Send $5 for info, confidentia! pricing & color brochures 
or call 615-484-4780. М/С, Visa, А’Е accepted. Also Por- 
table, Build-In Refrigerators, Food Warmers, & 
Freezers. 

Cool-Tooler, Inc. Manufacturer 


| 2906 North Main Street, Crossville, TN 38555 


AUTOMOBILES 


BUILD A BIKECAR jaf € 
The Amazing Mini Car You Can — 

Build with Bicycle Parts! AN i 
Electric Motor aem 

and Pedal 

Powered! 

Fun to Drive! 

Easy to Build! 


J iv NY 13760 


Satisfaction Guaranteed or Your Maney Back 


WAPOR Carburetor Triples MPG. Free 


Information. H&A, R2PS, Bowling Green, 
MO 63334. 
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IS It True You Can Buy Jeeps for $44 | 
through the U.S. government? Get the facts 


today! Call 1-312-742-1142 Ext. 4606. 


DISCOVER! "THE FABULOUS HID- 
WORLD OF SUPPRESSED TECH-- 


NOLOGY”! Catalog $1.00. Sunrise, Box- 
11233P5, Ocala, Florida 32673. 


TURBOCHARGER LEARNING KIT 


AN ILLUSTRATED BOOK AND CASSETTE TAPE COM- 
PLETELY DESCRIBE TURBOCHARGERS AND SYS- 
TEMS IN SIMPLE STEP BY STEP TERMS. 


in 60 minutes you can know all about TURBOCHARGING! 
A narrator guides you step by step as you follow through the 
illustrated pages 


95 | 
ORDER NOW!! Send check or money order $12. 
Engineering Enterprises Inc. PO. Box 36744 pius $2 50 
Grosse Pointe, Mich. 48236 shipping & handling | 


How To Buy 
Seized Autos 
Dirt Cheap 


Late-model Luxury Autos, Yachts, 
Boats, Airplanes, Vans, Trucks, 
Furniture, Stereos, TV's, Expen- 
sive Jewelry, much, much more 
seized in Gov't Drug Raids and 
Surplus. Buy for own use or resell 
at BIG PROFITS. Sales now 


being held in your area and 
around U.S.A. For information 
phone 1-216-453-3000, Ext. 
А9360 __©19850$АЕА122 


BMW, MERCEDES, CADILLAC . Can 
be yours for under $195 a month! No down 
payment! Complete Report $7.95 satisfac- 
tion guaranteed. MERINEY, Box 188 st- 
michel, Montreal, H2A 3L9 Canada. 


MINI-JEEP Plans!!! Cabover Lawn Trac- 


tor/..(?) Photos: Ez-built, Box 22601, Min- 
neapolis, MN 55422. 


‚.. send NOW for your FREE 
Lifetime Security Fact Kit! 


US. MAIL VEHICLES Jeeps! Vans! 
Trucks! Low Mileage! Bargains Galore! 
National Buyer's Guide-$3.00 Info Center, 
Box 1274-AA, North Wales, PA 19454. 


HOT bargains! Drug dealers cars, 
boats, planes repo'd. Surplus. Your Area. 


Buyers Guide. (1) 805-687-6000 Ext. S- 


| 20025 


"INVISIBILITY TO POLICE RADAR" 
GUARANTEED! Information $5.00 US. 
Ferritech, 15 Munford Crescent, Toronto, 
Canada N4B 1B9. 


PHOTOGRAPHER 


PHOTOGRAPHERS Make Profitable 
Part Time Income At Home. Sase. Welsh 
Images, 1611 Crenshaw Blvd., Suite 216, 
Torrance, CA 90501. 


ASTRONAUTICS 
30 LEVITATION 


DATABASE CATALOG. 
1258, l; Berkeley, CA 94701. 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST! 

* FIFTY CENTS EACH! 

* BUILD A DOZEN IN 
AN EVENING! 


гїї far Machure Qo wa мм үм, 
WORKING SAMPLE of an scire igniter thal VOU CAN 
MAKE TOURSELF iram materials pouti find around the hose 


I AMAZING 
$2: este. Box 


Send $2 00 to 
Dept PS 5 THE TELEFLITE CORPORATION 
11620 Kitching SL. Moreno Valley, CA 92387 


SPACEFLIGHT VIDEOS, All flights. 
AVD, 767 Saint Michaels, Mitchellville, 
MD 20716. 


ك س كككككككهك ———-— 


Book, 170p. $8.95. Prescience Publica- 
tions, 13301 Sutherland, Los Angeles, CA 
90026. 


BE A PROFESSIONAL 


LOCKSMITH 


Earn money in your 
spare time or even 4 ^. 

run your own vf 
locksmith shop! 


Train at home with the origi- 
nal Locksmithing Institute. In 
as little as 6 months' you can 
take care of the demand in 
your community for profes- 
sional locksmiths. 

Earn while learning, too! 
In a few weeks, you'll have 
the know-how to make mon- 
ey changing locks, making keys, simple installations. 
Learn by doing 

Locksmithing Institute's tested and proven method 
makes it easy for you to learn. Each lesson is fully | 
illustrated and you work with professional tools and 
materials sent to you with the course .. 
tric key machine... 
in your own locksmith shop. 

Cash in on the growing need for locksmiths 
You'll find locksmithing work all around you. And, 
with vour Diploma as a skilled Master Locksmith, 
you'll start cashing in on your money making skills. 
Get the exciting profit facts by mail... 
man will ever call. Mail the coupon today. 


|| 24401 


even an elec- 
. equipment that you will be using 


no sales- 


see — — eee " IF COUPON 15 MISSING. WRITE: 
U [a 17 — І LOCKSMITHING INSTITUTE 
: T1 Me. БИ "t - 1500 Cardinal Drive, Little Falls, N.J. 07424 
! I | Î LOCKSMITHING INSTITUTE PLEASE CHECK 
AB 7 ı YES, | want to know more! | - | 1500 Cardinal Drive, Littie Falls, NJ 07424 Dept 711-058 i 
т Please rush my FREE Lifetime Security Fact р | | PLEASE RUSH FREE CAREER BROCHURE | 
1 Kit l ı LOCKSMITHING 
1 i I | OTHER CAREER COURSES AVAILABLE l 
l l Upholstery c. Insurance Adjusting. Conservation 
1 = " | Legal Investigation Interior Design . . Drafting | 
l Name 1 l , Color TV Electronics. . Fundamental |, Automotive | 
5 P Electronics Mechanics 

- ,. Small Engine Burglar and Fi Bookk gg 
I Address L І Mechanics AR суете General ) aiani ; 
~ [| і Airconditioning “Refrigeration: Heating | 

се k МАМЕ 

p City State Zip B | | Алооке _ - | 
- ( | - | CITY STATE ТЇР | 
a tw cum vo sr mse MM m t e t - [Ге Se ce ae ee en ee eal 


SPACE SHUTTLE POSTER! GENUIN 
three view engineering print from ORIG 
IMAL. Frameable. Collectors Encouraged 
FREE BONUS GIFT. Send $9.95 ta 
CLASSIC TECH. РО. Box 2037, Brent 
wood, TN 37024. 


ROCKET MOTORING TOOLS and sup 
o Catalog $3.00. Impulse Reactio 
O. Box 61342 Seattle, WA 98121. 


catalog. DSR. Inc., 4810 Airport Rd., Cole 
rado Springs, CO 80916. 

AERODYNAMICS for R/C Pilots seni 
$5.00 to Aeroconcepts, 241 Conner Plaza 
Lewisville, TX 75067. 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVE 
RARE TECHNICAL DATA. ASTOUND 4C 
40-PAGE CATALOG, $2. REXSEARC 
BOX 1258, BERKELEY, CA 94704. 


FREE HYDROGEN FUEL and Ox 
Generator uses Water and Solar Ce ger 
Plans and Kit $12.00. Prairie Power, Bo 
8291, Edmonton, Alberta, T6H hy 
Canada. 


SURPLUS solar cells, panels, magne 
Catalog $2.00 refundable. Applied Photo 
voltaics, Box 2773, Staunton, Virgini 


FREE ELECTRICITY from the sun! Cu 
energy bills! Build a solar/electric home 
system! Computerized plans-$19.95. Air 
am, шнын, Box 290430, Tampa, " 


PHOTOVOLTAIC Product. Catalog, E 
most complete catalog ever assemb 
Includes wind and water electric parts 
Best prices anywhere. $3.00, AEE, 2898 
Biscayne Blvd. #470, Miami, FL 33137. 


NEW 1988 Complete Solar Electric Gen. 
erator catalog send $3.00 to the SOLAR 
SURVIVOR SHOR, 323 So. McComas St. 
Wichita, KS 67213, 316-942-2456. 


‘Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 


Classified Opportunity Mart. July Issue Deadline (on sale June 14) is April 
word. Min. 


ad 10 words. Darker 


type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Diners Club Account (give # & exp.) Advertisers using box number 
in ad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 


mation call 800-445-2714. 


Dorothy Ellis, Sr. Class. Adv. 


> 
29. Rates: $8.90 per 
il 
y Ernestine Grant, Class Adv. Dir. 
4 HOVERCRAFT 


AR Amazing Hovercraft built 

Easily with ordinary tools. Lawnmower 

engine powered. Carries one man plus. 

~ Flies over land/snow/water. Complete 

plans and booklet. $10.95. Aero-Projects, 
OX 5118PS, Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Catalog 
$1.00. Universal, Box 281, Cordova, IL 
51242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
"Documentary ' Film, "Force Beyond" Pow- 
ered By Ordinary Lawn Mower Engine. 
^ Complete Plans and Supply Sources. 
| $10.00 Send To: Herb Bartlett, P.O. Box 
156-5, Silverdale, WA 98383. 


DO Super mileage carburetors work? 
FIND OUT FREE! TDC, 2069 Zumbehl, 
#Suite 173-2C, St. Charles, MO 63303. 


AUTO SUPPLIES & EQUIPMENT 


DO Super mileage carburetors work? 
FIND OUT FREE! TDC, 2069 Zumbehl, 
Suite 173-5C, St. Charles, MO 63303. 


à ENERGY SAVING 


FREE CATALOG!!! 
. ENERGY Severs: Drainage Problem Solv- 
ers, Home Products. Jem Lawe, 700 Main, 
Westbury, NY 11590. 


» NO ELECTRICITY NEEDED! 
Reliable gas refrigerators. Free report! 
Jehman's 4112E, Kidron, OH 44636-0041. 


POCKET $50 MONTHLY! Slash coolin 
» costs! KIM, 1407 Kansas, Kansas City, M 
64127. 


"ZERO" HEATING/COOLING UTILITY 
BILLS NOW POSSIBLE - Even in CHI- 
CAGO CLIMATE! Learn How $3.00. "Geo- 

bolar Integrations”, Department 135, Box 
306, Rockton, Illinois, 61072. 


"e GO CARTS 


ls CLASSIC ROADSTER Go-Cart plans 

$10.00 UNIQUE Wooden Scooter plans 
$6.00 Both $15.00. DACE Company, Box 
448, Dexter, MI 48130. 


ELECTRICAL SUPPLIES 
- & EQUIPMENT 


LASERS: Components, Tubes Power 
Supplies. Free Catalog, Meredith Instru- 
ments, 6403 North 59 Avenue, Glendale, 
AZ 85301. 


" 
| AVIATION 
= a. HI-TECH RE- 


BOOMERANGS 
TURNS! ABS; POLYCARBONATE; PAX- | 


AOLIN; or Wood Constructed. World's Best! 
Boomerangs-Exciting, Collectible. Annual 
Catalog FREE! BoomerangMan, 1806-2 N. 
rd, Monroe, LA 71201-4222. 


AMAZING  1791b flying machine 

^ CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fit in trunk of car SAFEST, Easi- 
est, Cheapest way to fly for complete info + 


FREE Demo flight send $5.95 to: Freedom | 


Fliers, PO. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open. ) 


ik 


UKE FLYING? OFFICIAL FLIGHT 
TRAINING AND WAHBIRD CHECKOUT 


FILMS ON VIDEO TAPE ONLY $19.95 | 


EACH. FREE LIST OF TITLES AND 
DESCRIPTIONS. PIERCE BUTLER PUB- 
LISHING, 605 PIERCE BUTLER AT., ST. 
PAUL, MN 55104. 


AURORA" 400A VTOL Aircraft | 


Overall length 
height 

Weng ared 
Wing rating, 
“Disc” loading 
Fassengers 
Ceres wes hit 
Empty weight ЖУР 15 d 2+ hort 


Oe. TCR à 
D tr. WTO 
КЕШ + miles 


Lander dii Mang e 
Ferry range (mai) 


Learn mime about this Lascinating new алсай. Onder your cog af the 
recently published booklet "Danen of a Mew Era; a 63 page inside look 
ай he безери т ed the rear kale Astra 300A ЪТ, aim rail Please 
send $A 0 check of money order on LES. funds only 0624 00 outside 
LISA) payable to Moshier Technologies Corporation. All orders promptly 
shipped first class mail. Satisfaction guaranteed 


Bornes © 
Ban Charest Road, Mountain Wie, (A BHEIJ + 415 SESS ЫР 
E ciprengihi 1 ВА Meher i Petri, Cor еранын A dala расан 


| Your Own НЕЕ ОР ТЕЕ 


SIMPLE, LOW-COST ASSEMBLY 
* Carries one person-plus 
è Tip-jet powered 
Fe No license 
PLANS — fully illustrated: 
Only $14.95* 
L THE 
Helicopter Experimenter's 
Only $10.95* = ANOBOOR JI 
Ж SPECIAL! Ж 
Both Books: Only $19.95! ч 
FOREIGN: add $4 (0.5. funds олу! _ | 
| Р.О. Вох 50-А 
Riderwood, MD 21139 


Credit card order line: 
dial 1-301-583-6356 


"P FOR HELICOPTERS, 
C9 * PLANES & GLIDERS 
e PLANS e KITS 
COMPLETED JETS 


BUILT BY HOME BUILDERS 
FOR OVER 20 YEARS! 


[JET POWER" COLOR VIDEO (VHS) 29.95 
130-LB. THRUST JET BLUEPRINTS... 25.00 


20-LB. THRUST JET BLUEPRINTS .... 
Send for FREE BROCHURES! 
510.00 — Complete Information Package 
Plus 60-Page Technical Handbook 


15.00 


IEMG ENGINEERING 


P.O. BOX 1368-G 
HESPERIA. CA 92345 


5 Models 
Available 


You Can Build for Under #900 


Vertical Takeoff and Landing 
Hover Fleght/No License Required 
INFORMATION PACK $5.00 
Includes: specs, phobos, prices 


ноте HELICOPTERS 
Afi шига 


t4 


Box 391-B 


[©] BW ROTOR со, INC. ae KS 57144 


CLASSIC CARS 


BATTERY MASTER amon 


Patent Pending 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes, Heavy duty. 
suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


e 


each 
ae with 5O pages ror 


for old ork parts, 
services, 5 2.5, 
| literature Sore 


Over 650 


PLANS & BL UEPRINT. 5 


ыо, SUN TANNING MACHINE | 


Get a salon-type TAN for pennies а day at HOME 
Plans to assemble six lamp unit 
* Information * Parts list * Suppliers 
* Step by step instructions 
s Vertical/horizontal unit 


Send 512.95 Nu-Ideas Inc 
Check or M.O 


(L.S. funds оту) 


© 
Madison Heig nts, Mi 48071 -0708 


CHILD Size Two Story DUTCH COLO- 


NIAL PLAYHOUSE and STORAGE in 8 ft 


x 10 ft. Plans $15.00. Playbarn, Ine., PO. | 


Box 12086, New Brighton, MN 55112. 


PLAYHOUSE Plans, instructions - Bn 
chure $1.00 - Easy Woodworking, 23 
Overhill Road, Orinda: CA 94563. 


CREATE TORNADOES, Flans $5.01 
Cloud, 704 Hite, Southill, VA 23970. 


CHAIN SAW MILL LANG 


-ONE MAN PORTABLE 
| -EASY BUILD PLANS 
-BUILD YOURSELF & 
*SAVE MONEY 
*QUICK 


SEND $24.95 CHECK OR 
MONEY ORDER TO: 
D.L. VAUGHN 


“ACCURATE — HC02 7768-2 PALMER, AK. 99645 


KITES 
| FREE COLOR CATALOG 
i Choose from over 100 kites. 


Many unusual & innovative designs. 
l Call or write for your catalog today! 


Into The Wind e (303) 449-5356 
1408-P Pearl 5t., Boulder, CO 80302 


| L] YES, SEND МЕ A FREE CATALOG | 


і Мате 


| 
Address a | 
| 


City 
ا‎ 
ج ا‎ ae 


STUNT KITES! Loops, Dives, Swirl 
Acrobatic maneuvers from dual control. 
Free Catalog. Kites, Box 63008-C, Wicl 
ita, KS 67203. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


max ATV 


6 wheel drive 


(21-years-old and over, Please) 
Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives [ndustries, Inc. 

60 Depot Street, Buffalo, NY 14206 


BURGLAR/FIRE ALARMS 


STOP BU RAFISTS DEAL 
Perpetual “Homesitter” Cassette. Guarat 
! $16.95. Details Free. Values, 323 i 
Franklin, Suite V-73, Chicago, IL 6060: 


MAY 1988 | 12 


DO IT YOURSELF 


4321 CATALOGS listed. Sources For 


Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. Americas largest energy saving 
mail order house! $1.00 ostpaid. Solar 
Va. onents, Dept. PS, 88 Pine, Manches- 

H 03103. 


200 SUPPRESSSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
INFO, PLANS: AMAZING 40-PAGE CAT- 
ALOG! 32: INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


REPAIR YOUR OWN TV...ITS EASY. 
Write Research, Rt.3, Box 601 BE, Colville, 
WA 99114. 


BATTERY CLOCK MOVEMENTS. Low 
Prices. Catalog $1.00 (refundable). Yankee 
Ingenuity, Box 1135, Altus, OK 73522. 


ELECTROPLATING Complete textbook. 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 
Bay, FL 32906-0095. 


VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Send 
Stamped envelope: XANDI ELECTRON- 
ICS, Box 25647, Tempe AZ 85282. 


MINATURE FM TRANSMITTER. Easy 
to assemble kit. 1 х 133". $19.95 plus $1. 50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books. Catalog $2.00 
(refundable). Epsilon Co., Box 291513, Los 
Angeles, CA 90027. 


CANNON Easy to build tennis ball can- 
non. Blasts ball 'skyhigh. Lots of fun and 
excitement. For instructions send $1.00, 
T.B., 5808 Newton, Minneapolis, MN 
55419. 


SAFECRACKING How to open safes by 
manipulation. (Sight, feel & hear) $14.95 
U.S., $19.95 Can. Secretec, 24862 56th 
Ave, Aldergrove, British. Columbia, Can- 
ada VOX 1А0. 


PROTECT YOUR FAMILY 
Prepare Your Last Will And Testament At 
Home. No Lawyer Fees. Impressive Kit 
Include All Legal Forms and Affidavits 
Needed. $15.00. Eagle Enterprises, Р.О. 
Box 6768, Corpus Christi, Texas 78411. 


DETECTION - Surveillance, Debugging, 
Kits Latest High-Tech Catalog $2.00. 
Detection Systems, 2515 E. Thomas, Suite 
16-864, Phoenix, Arizona 85016. 


PLANS sun Yourseti— Ай Parts Available In Stock 
a LC7—Buming Cutting CO; Laser .. 1..5 20.00 
a RUBA— Portable Laser Ray Pistol .. 

e TCC1—3 Separate Tesla Coil Plans to 1.5 MEV. 

| * 1061—1оп Ray бип... i 
* GRA1—Gravity Generator... 

a EML1—Electro Magnet Coil Gun/Launcher .. 


KITS 
e MFTIK—FM Voice Transmitter 3 mi Range 
e VWPM5SK—Telephone Transmitter 3 mi ange. 
+ BTC3K —250.00 Volt 10-14" Spark Tesla Coil .... 
e LHC2K—Simulated Multicolor Laser... 
* BLSTK— 100.000 Watt Blaster Defense Device... 
e [TM1K— 100,000 Volt 20° Affective 
Range Intimidator... 
| « PSP4K—Time Variant Shock Wave Pistol .. 
* PTG1K—Spectacular Plasma Tornado Generator 149. 5 
e MVPIK See In Dark Kit .. oen . 199 50 


ASSEMBLED 
a PG70H—Multicolored Variable Mode 
Plasma Globe 777. mE 
e BTC10—50, 000 Volt— World’ 5 Smallest 
Tesla Сон... 
s LGU40— 1MW HeNe Visible Red Laser Gun ... 
| * TAT20 Auto Telephone Recording Device., 
• GPV10—See In Total Darkness IR Viewer .. 
| * LISTI0—Snooper Phone Infinity Transmitter ...... 
e |PG70—Invisible Pain Field Generator— 
Multi Mode ... 


| « Catalog Containing descriptions of above plus 
hundreds more available for $1.00 or included free 
with all above orders. 


Please include $3.00 PH on all kits and products plans 
| are postage paid. Send check, MO, VISA, MC in US 


INFORMATION UNLIMITED 
P.0. BOX 7 16 DEPT. PB, AMHERST, NH 03031 
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а ee 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a SV battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 
Call or send MO, VISA, MC for immediate de- 
livery, Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
| U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


Record Telephone conversations in your office or 
home (Connects between any cassetle or tape 
- recorder and your telephone line Starts awig- 
«Low Maticalty when phone is answered Records both 
copes of conversaleon Steps recorder when 

~ phone is hung up 


, 5 EACH Om Dir Ava! 


Super Powerful FM TRANSMITTER 


Ш Mary tenes more powertul than ether transmirters 


Transmits up 10 Ye mile 10 any FM rado -Easy to 
Assemble Kf - up io ЧҮ baħar (not mei) 


A For catalog of Transmitiers. Voice Scrambiers and 


other specaty items, enciose $2 (X) to USI Corp 
Call 305-725-1000 or sand £19 95 + £1.00 
shipping per item to: USI Corp., PO Box 
052, Melbourne, FL 32902 COD's ОК. TiN" 


PROJECTION TV...Convert your TV 
to project 7 Foot picture... Results compa- 
rable to $2,500 projectors Total cost less 
than  $30.00...Plans and 8° Lens 
$24.95... Illustrated information FREE. 
Macrocoma-ai, Washington Crossing, 
Pennsylvania 18977. Creditcard orders 
24HRS. (215) 736-3979. 


Build Your Own 


SANDBLASTER 


Earn up to $40 00 per hour remowng rust and paint from auto 
parts, farm equipment pr any metal surface This portable une 
removes rust and paint al а rate of ome square foot per minute 
continiaousty and i tuit from common iriċapentavċ ratenals 


Simple step by slep guide shdws how 10 convert а VB engine 
inta a powerful d cyl engine ^4 cy! compressor combination 
No complicated machine work Money back quara mee If nol 
completely satisfied 


E 


Sand 515.00 plus 51 DO handling to ka 
==; 


DESIGN PUBLICATIONS 
PO. Box 102-5 
Columbia. I 62236 


ост" ТҮРЕ ELECTRONICS. Bug 
Transmitters, Phone Listening/Recording, 
More. LOWEST PRICES. Catalog $3.00 
(Refundable) JD'S Electronic Warehouse, 
Box 9042, Wichita, KS 67276. 


DO-IT-YOURSELF United States patent 
kits. File your own patent. Send $35.00 to: 
Latent Kits, 1062 Malaya, 
80011. 


SONGWRITING TO SELL. Extra 
income; Markets. Free, “Rules for Win- 
ners”. PH Publications, 115 Riverbirch Cr. 
SE. Calgary, Canada T2C OBS. 


BURGLAR DETERRENCE. Better than 
an alarm system—when the alarm goes off, 
it'll be too late. Complete plans and in- 
structions, $12. TruSolutions, 7031 E. 
Camelback, Suite 387D, Scottsdale, AZ 
85251. 


TELEPHONE of room TAPS. Range 
unlimited: $88.00 1-800-NED TAPS. 
$3.00 Catalog. LISTEN, 603 Elgin, Musko- 
gee, OK 74401. 


25 SALESMAN'S SECRETS saves $$$ 


| on TVs and appliances. Booklet MO $5.00. 


Handy Products, Inc., PO. Box 37, Red 


Oak, NC 27868. 


SURVEILLANCE — COUNTERSUR- 
VEILLANCE! Transmitters 500% Savings! 
Huge Catalog $5.00. (REFUNDABLE) 
Protector, PO. Box 520294, S.L.C. UT 
84152. 


Aurora, CO | 


DOGS 


TEACH ANY 

DOG IN MINUTES 
Complete system, book and device. 
All you need to raise and train i 
pupples, dogs of all ages. Never falls! 
Uses dog's keenest sense. 


вазиш вфе teers Per Pe PR ert ee a а 


«i proe he ы Barking * Gun Shyness 

* Jumping * Bitin * Breaking Point 
* Chewing * Digging a Over Ranging 

* Car Problems * Leash pal Pagel Birds 

For: Famil 


ON TV with: Barbara Waltera, John 


AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTI 


A science engineering breakthrough! A set of ppm dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near hypnotic control, even at a distance. No leash needed. | 
Novices become experts. This new discovery is a learning-sound catalyst that teaches direct to tha dog's * ү 
mind. Renders bodily paintraining obsolete. Safer. Kind. Yet, more powerful! Dogs simply don't fight it, Tunes 
dogs in, makes them want to please you. Unequaled loyalty-bondin 

ie Dr. Miller patents) TH by veterinarians for dog behavior. Now, thousands of satisfied USers.e - 


R SYSTEMS 


DOG-MASTE 
A division of Environmental Research Labs ©1988 


DOGS 


LOVE PUPPY Or KITTY BUT HATE The 
SMELL? All natural way to RID ODORS 
from carpet and many other areas. 
GUARANTEE RESULTS! Send only $8.50 
to a C. Enterprises, Box 732, Hays, KS 
67601. 


TOOLS & MACHINERY 


4' METAL Cutting Lathe $104.50. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, Dept. 


M, 3736 South 7th Avenue, Phoenix, AZ 


85041, 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dept. PS5, PO. 22559, Minneapolis, MN 
55422. 


LATHES — MILLING MACHINES 
ME SHOP SUPPLIES — TOOLS 


Caine * Compact 7 Marinar Myford * 5herline * Atlas o 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


NEW EASY-TO-CLEAN 
| MIXING MACHINE 


PATENTED 


Key Laboratories 
1165 Baskins Rd, Largo, FL 34648 


FREIGHT 
PAE- PAID 


RUN Three-Phase Motors On Single 
Phase, Free Brochure. Motors, Box 63/ 


| 6025, Margate, FL 33063, 1-(305) 752- 


9202. 
REAL ESTATE 


CALIFORNIA. Acreage. Lots, $40 down. 


$40 monthly. 4602 Ethel Ave, Sherman 
Oaks, CA 91423. 

CANADIAN COUNTHY PROPERTIES. 
Acreages for recreation, development, 
farming, fishing, hunting, investment, 
minerals, etc. OUR 73RD YEAR. Terms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. DIGNAM CORPORATION, 
Dept. 481, 370 Dunlop St. West, Unit 807, 
Barrie, Ontario LAN 5R7, Canada. 


EASY TO USE WON 
NOT ELECTRONIC Ж 
BEWARE OF IMITATIONS! Our Pats. #3498266 #3159140 Protect You. 


: pina all times * Drop * Self Control 
* Sit * Go * Guard 
* Heal a Fetch ® Hunting 
* Stay e Utility * Loyalty 
s * Show Dogs € Sled Dogs • All D 


Carson, Dick Cavette, Art Linkletter, Merv 
a DOG, 


| wildlife. Northwest forest an 


| ment. Easy terms, FREE brochure, photos, Y^ 
ASSOCIATED 


| Chula Vista, CA 92012. 


PPT ERD Pre Th a а в 


Griffin. ARTICLES: SPORTS AFIELD, ~ 
WALL STREET JOURNAL and others worldwide. 


Same instruments and system 
FREE CATALOG 

Please Write: 

458 Wilshire, Box 1250, Agoura Hills, CA 91301 

HOMES from $1 (U 


GOVERNMENT 
repair). 20 States. Delinquent tax property. 
Repossessions. Call 805-687-6000 Ext. 


GH-20025 for repo list. P 


FREEDOM COUNTRY 


20 BIG acres in WESTERN MONTANA, starting at $9850 

. $500 down, $97/month . Trout fishing, backpacking, 
camping. Elk, deer, moose, bear. ADJACENT to National | > 
Forests, near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 
TITLE, WARRANTY DEED. FREE color brochure, photos, | 
maps. FULL MONEY-BACK GUARANTEE. 

CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE КАНОН 


210 Milwaukee Street, ч = 
Deer Lodge, Montana 59722 - (406) 846-1000. 


MONTANA LAND 


20 Acres (or more) starting at $9750. Near 
Beautiful Yellowstone Park and National 
Forests. In the heart of trophy elk, deer, 
moose, antelope and turkey hunting. Blue 
ribbon trout streams. Guaranteed Ac- 
cess. INSURED TITLE AND WARRANTY 
DEED. Your Inspection Welcomed. Free 
Color Brochure. 

Call Today TOLL FREE: 1-800-252-5263 
Yellowstone Basin Properties 
1119 N. 7th Ave., 

Dept. PS, P.O. Box 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


NORTHERN IDAHO. 5-10-20 ACRES 
Trees, meadows, creeks, springs, clean air, 
lake coun- 
try. Hunting, fishing, recreation, retire- 


information. NATIONAL 
Dept PC, 1111 Sherman. 
Coeur d' Alene, ID 83814. (208) 664-8161 


UPSTATE NEW YORK 5 acre riverfront m 
parcels from $4,900. $987 down, $100 per 
month. Many other land opportunities in 
this beautiful area. LAND, 175 Fifth Ave- 
nue PS2321, New York, New York 10010, 
212-645-3652. 


WHY CAN'T 17 Millionaire in Real 
Estates. SATISFACTION GUARANTEED. f 
$18.95 to: DSC, Dept. PS-5, РОВ 5287“ 


— tla 


MISCELLANEOUS 


REKEY LOCKS/VIDEO free details, 
Smith Locksmith, PO. Box 10451, Knox- 
ville, TN 37939. 


HOME CRAFTSMAN 
SUMP  Pumps—Battery Operated—+ 


Catalog $1.00 Refundable. Residential 
Safety, 600 Cross, Lakewood, NJ 08701. 


NEW Plans woodworkers for fun or 
pront. cuales $1.00. John’s Shop, 10000 
empshire, Knoxville, TN 37922. 


FOR THE HOME م‎ 


THREATENED BY 1 Engi- 
neering firm offering plans for effective 
indoor TORNADO SHELTERS. Send 
$10.00 to: Shelters, Box 9419,. Amarillo, 
Texas 79105. Build shelters for others asa ^t ^ 
business. | 


MAGNETIC  PADLOCK-CANNOT BE 
PICKED!!! $7.95/ea. Transworld Dept. 
A510, P.O. Box 428, Floral City, FL 32 6- 
0428. 


mid 


BOATS, INBOARD/OUTBOARD 


MOTORS 


BOAT PLANS —- PATTERNS — KITS — 
Hundreds of designs — Sailboats — Pow- 
erboats — Sportsfishers — Rowboats — 
Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 
Gigantic 160 pape catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies" catalog. GLEN-L. 9152 Rose- 
crans, Box 18045Р, Bellflower, CA 90706. 


EVINHUDE—OTHEH BRANDS 1986 
BARGAINS...Al] Sizes...62.00 Handling. 
Scott McCulloch parts...Electra Marine, 
610 Merrick Road, Lynbrook, New York 
11563. 


EVINRUDE WHOLESALE $3.00 Hand- 
ling. Sealand, 48 Merrick Rd., Amity Har- 
bor, NY 11701. (516) 842-1242, 


- PLANS - PATTERNS - 250 
Desi - §'/70'- Plywood - Fiberglass - 
Steel - POWERBOATS - Cruisers - House- 
boats - Hydroplanes - Runabouts - Duck- 
boats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Multihulls - SUPPLIES - Epoxies - Poly- 
esters - Cloth - Foam - GATALOG $3.00 
(Airmail $5.00) - (Book Amateur Boat- 
building $6.00) CLARKCRAFT 16-5 Aqua- 
lane, Tonawanda, NY 14150 


BOATS KITS—SAIL—16'-30' all trailer- 
able molded fiberglass hulls and decks 
come factory assembed—you install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
48 page catalog. LUGER, Dept. AC-58, P.O. 
Box 1398, St. Joseph, MO 64502. 

1800) Boat Kit; MO: (816) 233-5116. 


CARPET KITS. DO IT YOURSELF. Buy 
Direct. Free Brochure/'Sample. Prestige 
-102, 1802 Murray Ave. Dalton, GA 
30721. Dealer Inquiries Welcome. 


SMALL Plywood Boat Plans Details 
$3.00. S. Cauley, 1012 Plantation Blvd., 
Conyers, GA 30208. 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-8, Hickory, NC 28603. 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 72205. 


$1.00 POUND From "Junked" Tires! 
($1.00 refundable). LaVallees, Fountain, 
FL 32438. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from 


home, without capital. We ship plan for no | 


risk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. N2696, 
Woodland Hills, California 91367. 


BUMPER Sticker Printer. Cheap, Sim- 
le, Portable. Free details Bumper, POB 
22794 LLC), Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


REPAIR HYDRAULIC eun 
details. Hydraulic Parts Sup ШУ, ш 
Box 4157, Brownsville, TX 7852 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED 5157.000 WITH MINE. MONEY 

NEVER STOPS! Free information: Dasher, 
PO. Box 1039, Gatlinburg, TN 37738. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


ICALLY inclined individuals 
desirin - High Weekly Profits operating 
Small Manufacturing business Without 
Investment write: Businesses, 92-P Brigh- 
: ton lith, Brooklyn, NY 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50¢ 
(Refundable), Woodwins, Bridgewater, MA 
02324, 


EASY CASH! Low Investment! FREE 
Information. Video Hookup Business, 
13625-A1 Sunburst St., Arleta, CA 91331. 


Reveals 


$40,000 ON 1/3 ACREI New hydro ы ана 


ics—inexpensive, pleasant, practical! 
information. Planter's, Box 1214, Franklin, 
TN 37065-1214. 


$200 - $500 weekly - AT HOME! No 

immicks - Details FREE! Homeworkers- 

, Box 636679, Margate, FL 33063. 

MAKE BALLOON ANIMALS. {400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnvmans—PS85, Box 250, 
Alexandria Bay, NY 13607. 


MAKE Rubber Stamps. Highly Profit- 


able Business. Free Details. Stamper, POB | 


22809 (LLC), Tampa, FL 33622. 


TAKE Catalog Orders. We drop-ship 
2955 best-selling specialty products. Low- 
est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 
tunity. Free Book. SMC, 9401 De Soto Ave., 
Dept. 28-89, Chatsworth, CA 91311-4991. 


GET RICH! Secret law smashes debts— 
brings cash credit! Details FREE! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT DEBTS!! 
Details FREE! Moneywise-5, Box 636679, 
Margate, FL 33063. 


LEARN Piano Tuning. Big Profits! 
Empire School, Box 1014PS, Jupiter, FL 
33468-1014. 


PIANO TUNING PAYS: Learn with 
approved home study course. Diploma 
шеш American Tuning School, 17050 

fer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071. 


MILLIONAIRE Mailorder Expert 
Money-Making Secrets. Free, 
Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


CONCRETE Block Machinery; Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. 


PROJECTION TY.. Make $33's assem- 
bling Projectors.. Easy..Results compa- 
rable to $2,500 projectors .. Total cost less 
than $30.00. . PLANS, 8" LENS & Deal- 
ers Information $20.50 . . Illustrated infor- 
mation FREE.. Macrocoma-aix, 
Washington Crossing, Pennsylvania 
18977. Creditcard orders 24 HRS. (215) 
736-2880. 


EARNINGS Unlimited! Mail Our Bur- 

lar Alarm Advertisements From Home! 
REM Merchandising, Box 59314, Chi- 
cago, IL 60659. 


MAKE YOUR DREAM COME TRUE. 
EARM $60,000 YEAHLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (BOO) 626-8523 OR WRITE: 
THE GLASS MECHANIX INC. BOX 
17693, PLANTATION, FL 33318. 


$24,000 IN YOUR BACKYARD. Spare- 


time growing profitable specialty slants. 
Easy—start with $50. Free information. 
Homestead Growers, Box 988-PS, Friday 
Harbor, WA 98250. 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 90093. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


GET RICH using OTHER PEOPLE'S 
MONEY!  Unique— amazing business! 
Details FREE! Finance-5, Box 4605, Mar- 
gate, FL 33063. 


SCREEN Print T-Shirts. Inex 
kits. Free Details. "T-Printer" PO 
(LLC), Tampa, FL 33623. 


nsive 


23991 


PROFITABLE Gold Foil Printer. Person- 


alize business cards, pencils, matches. 
Free Details. Gold, POB 24986 (LLC), 
Tampa, FL 33623. 


MAILORDERS$$: Profitable home 
business, no ея rience or capital neces- 
say. BUY ow wholesale! 
DETAILS. Writs DPR Supplies. 101 
Amesbury Street, Suite-LL6, Lawrence, 
MA 01840. 


$40 - $108/hour. Restore Damaged 
Countertops WITHOUT HEPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
РО. Box 9900-55, Vancouver, WA 98664. 


MAKE BIG MONEY REPAIRING 
WINDSHIELDS, & Plate Glass! Up to 
$60,000 yearly! Call TOLL-FREE for 
Valuable FREE report. -BOO-321-2597. 
Glas-Weld Systems, Box 5755-C5, Bend, 
OR 97708. 


LEARN Gold, Silver Scrap Recycling 
Business, Free Information: Recycling 
Box 11216P3, Reno, NV 89510-1216. 


GET RICH! $1,000 Daily. Easy, Unique, 
Moneymaking. Free Secret Report. Pre- 
mium, Box 1621-G2, Spring, Texas 77383. 


STAY home and make money! Hundreds 
ш rofitable plans. Free information. 

llam. Box 397-C, Richmond, KY 
ME 


14,947 HONG KONG, 
PRODUCTS CHEAP Small lots. Some 
samples free. Harbor, Box 1719-PS-5, 
Yuba City, CA 95992. 


MAKE High Profit, Hot Selling License 
Plates, Signs. VACUMAGIC, PO Box 
24986(LLC), Tampa, FL 33623. 


$100 Borrowed Overnight. Free 
Details MBG-PS 388, Box 2298, San- 
dusky, OH 44870. 


NATIONS'S BEST HOME BUSINESS 
OPPORTUNITIES. Free subscription. 
Send name, address, zip to: Spare Time 
magazine, Dept. D2-58, 5810 West Okla- 
homa Avenue, Milwaukee, WI 53219. 


MILLIONS! My reports have earned lit- 
erally millions of dollars for companies 
and individuals nationwide. Can help you 
reach wealth too. Free proof. Lee Murrow, 
Dept. 3, Box 12216, Wichita, KS 67277. 


ALUMINUM SCRAP — Recycle 
Yourself — MAKE UP TO $25.00/ 
POUND! FREE Information: Industrial - 
PS85, Box 127, Alexandria Bay, New 
York, 13607. 


HUGE PROFITS, Soap Making! Pen- 
nies per/gallon. Instruction, Proven for- 
mula send $15.00. H.W. Scherer, PO. Box 
261493, San Diego, CA 92131. 


ENJOY MAKING $2500 WEEKLY 
SELLING CASSETTES BY MAIL. Free 
Tape Tells How: Smartmove, Box 927-A, 
Keene, TX 76059. 


INCREDIBLE! You can “TURN S15. 
INTO A MONEYMAKING BUSINESS"! 
Information $1.00. SUNRISE, Box 
112534, Ocala, Florida 32673. 


EARN $1000/5000 MONTHLY dis- 
tributing Accent's powerful, inexpensive, 
"easy , software every computerist needs. 
9 program BUSINESS SETUP, $25. 5am- 
pler, $5. Accent, Box 1722, Simi Valley, 
CA 93062. 


MAKE $250,000 YEAALY in IBM's 


computer color Monitor repairs - details 
$1.00. Randall, Data Display Dept., Box 
2168, Van Nuys, CA 91404. 


YOU CAN Begin your own profitable 
business at home. Free information. 
Karen PS, PO Box 14, Temperance, MI 
48183. 


SEVEN PROFITABLE HOME BUSI- 
NESSES. Free Information write: John 
Young, 5250 Johnstown Rd., Mt. Vernon, 
OH 43050. 


FORTUNES are made yearly working 
with singles. Easy, Exciting, Rewarding 
complete information $20.00. Friendship, 
PO. Box 1003, Hope, Ark 71801. 


THERE'S MONEY IN PLASTIC Pop Bot- 
tles, Millions Disearded Daily Every- 
where. Free Details. Nestor. Lompe, MO 
65681. 


STARTING YOUR OWN SUCCESS- 


FUL BUSINESS. FREE Subscription to 
Opportunity Magazine tells how. Write 

portunity, Dept. M58, 6 N. Michigan, 
Chicago, Il 60602. 


YOU can be financially independent BE 


a Publisher! Stevison, Box 122, Wheelers- 
burg, Ohio 45694, 


OPPORTUNITY new company mini- 
mum investment money back guarantee. 


IMR, 3960 South 2nd, Pocatello, ID 


83201. 


BIG PROFIT Sellin 
By Mail and Having Fun. Free Details. 
Leslie M. Hammond, 8538 E. Norwood 
Place, Rosemead, CÀ 91770. 


ULTIMATE HOME BUSINESS! Free 
Details. Lacework, Box 2353, Stillwater, 
OK 74076. 


SIMPLE Business Strategies. 
Details! S.A. S.E., 
Box 828, Johnson 


Amazing Books 


Free 
CC Publications, P.O. 
‘ity, NY 13790. 

FREE CATALOG: Best Horse Racing 
Systems Available! TURF, Box 12058, Las 
Vegas, Nevada 89112. 


HOW TO START YOUR OWN HOME 


BUSINESS. лп ШШ. Free 


details. CSC, Dept. 3, ox 264, Camp- 


bell Hall, NY 10916. 


BE Your Own Boss In Advertising Spe- 


| cialty Sales. No Investment. (916) 993- 


4187. 


FREE BOOKLET. Anyone can profit! 
"How to Make Money with Computers." 
Computer Publishing Enterprises, Box 
23478, Dept. PS-5, San Diego, CA 92123. 


ENTREPRENEURS HOBBYISTS 
EXPERIMENTORS Inexpensive solid- 
state color video camera Enquire Video- 
Pro Network, POB 110511P, Tacoma, WA 
98411. 


BE RICH! EASY! LOW INVESTMENT! 
GUARANTEED! FREE LITERATURE: 
Kenneth Chin, North Huntington Ave, PS 
588, Monterey Park, CA 91754-9954. | 


MAILORDER OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Write for free book, plus 
details. Mail Order Associates, Inc., Dept. 
562, Montvale, NJ 07645. 


NEW INNOVATIVE high profits 
GUARANTEED Complete starter manual, | 
Illustrated, $4.80. Countryside Enter- 
prises, Box 479, Alliance, NC 69301. 

$60,000+ YEARLY. NEW sincere, 
REALISTIC approach! Become financially| 
independent. No joke! HONEST OPPOR- 
TUNITY! Send $15.00 for detailed instruc- 
tions. Guaranteed. David LaShier, 350 
Ward Avenue, Suite 106, Honolulu, 
Hawaii 96814. 


FINANCIAL INDEPENDENCE, Start 
your own PROFITABLE BUSINESS at 
home. Free details. Unique Concepts, 
10290 Monte Vista, Montclair, CA 91763 


EASIEST 7 Business. Low capital for 
big profits. FREE Information. SIERRA 
DISTRIBUTION, 290 Concorde W. #1, 
Laval, Canada HIN 1J1. 


FANTASTIC PRODUCT IDEA? What 
Next? Comprehensive report - $8. SYM- 
BIOSIS, Box 12121, RTP, NC 27709. 


$ YOUR GOLDEN KEYS TO WEALTH 
$ STAY HOME, EARN THOUSANDS, 
seven fantastic plans, 250 pages. FREE 
DETAILS: Sunshine Publishing, Dept 
PS-1, 15122 Tacuba Dr, La Mirada, 
90638. 


FANTASTIC home import-export busi- 
ness. No investment. Details $4.00. 
COKER-PS5, 105 Spruce Pine, Plymouth, 
NC 27962. 


BECOME а MANUFACTURERS’ REP. 
Unlimited income potential. How-to info. 


| on audio tape. Send $12.00 to: Rep Sales, 


PO Box 282, Weaverville, NC 28787. 


START your own business, FREE 
BOOK tells all! Thomas, 30215 Ashton 
Lane, Cleveland, OH 44140. 


LET US HELP you start Profitable 
home business. FREE information: Pilot 
Publishing, PO. Box 938, Gulfport, MS 


39502. j | 


BIRD, POULTRY SUPPLIES 


INCUBATORS, Feeders, Waterers, Med- 
ications, Books, Etc. Clausing, Nocatee, F 
33864, (813) 993-2542. Free Catalog. 


JOKES & NOVELTIES 


PRANKS/MAGIC! Catalog 206. Gar 
ner&, 1755P Rio Vista, Salem, OR 97302. 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03 
Bradenton, FL 34203-3796. 


MAY. 1888 1.13 


SALESPERSON DISTRIBUTORS 


` Knapp 


| 
TAKE THE CEILING 

OFF YOUR INCOME! 
Become a KNAPP-SHOE Representative in | 
your community and earn Cash-In-Advance | 

Commissions on every order you send to 
us. There's No Investment, No Inventory, | 
No Obligation. Send for your Free Selling j 
Kit & Catalog today! Send coupon to: 1 
a= «ий 


Thomas McCaffrey, KNAPP SHOES, One Knapp Centre 
Dept. 5953, Brockton, МА 02401 


Мате |— 1 
Address .— — 
City . 


State — Zip — 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS 
184 page catalog | 

Replacement parts for 

outdoor Power Equipment 

COMMERCIAL, HOMEOWNER, 
RECREATIONAL 

LS. THORPE CO., INC. 


Р.О. BOX 45245 DEPT M 
SOMERVILLE MA 02145 


Send $4.00 
tor Catalog 


BARGAINS Below Whole- 

Free! — Liquidations... 
. Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422, 


MAKE PROFITS 
21,241 Asian pi Mite dirt anode $ urpris- 
ingly simple procedure. FREE informa- 
tion. Write: Hilltop, Box 1364-K2, Chula 
Vista, CA 92012-1364. 


rting 


Photographed! Catalogs, Box 18628-G, 
San Antonio, Texas 78218-0628. 


CLOSED CIRCUIT TELEVISION SVS- 
TEMS. Expert technical assistance. Detec- 
tion Dynamics, 4700 Loyola Lane, #119, 
Austin, TX 78723. (512) 345-8401. 


RUBBER STAMP 


Order "CUSTOM MADE" 


RUBBER STAMPS | 


ares! 
ai UP TO 4 LINES only $295 | 


(Мах 30 letters per line) 


- INK PADS only $1.95 ак 
ят TE Specify Color Black. Blue Red. Green 
го (AM rot di Add 25£ per item for postage 
i SATISFACTION GUARANTEED 
FASTSEAVICE- Your Order Shipped in 5 days! 


| QUALITY Stamp Mtg. Box 35514-S, Tulsa, OK 74153, 


TREASURE FINDERS/ 
METAL DETECTORS 


Pay For Your Hobby! 
With White's New EAGLE Metal Detector. 


ter Driven to locate only | | 


rammable Compu 
valuable items! Fun and profitable! Models 


from $99.95! «8 


For a Free Catalog 
Call Toll-Free 
1-800-547-6911 Dept. 


TREASURE Finder Locates Buried 
Gold, Silver, Coins, Treasures. Free Cata- 
log, Relco, RC10, Box 920839, Houston, TX 

7292, 


132 | POPULAR SCIENCE 


78764 


WHITE'S ELECTRONICS) 
PB-7 Sweet Home, OR 97386) 


FIND Old Coins, Jewelry, Gold ice Fre 
New Patented Revolutionary Device 
Catalog. Gardiner Electronics, 3131 
35th Ave., Suite K, Phoenix, AZ a^ 


HEARING AIDS 
SAVINGS. Eliminate dealer 


Serena Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/393- 1212 Toll Free. 


q 


HEARING AIDS 
1/3 PRICE CATALOG FREE! - 


| SUPER $AVINGS! Newest. Finest. All 
i pes. Buy DIRECT & save up to HALF! 

salesmen. Sold by AIR MAIL on HOME 
{| TRIAL. FREE Catalog. Write: 


| MONEYSAVERS. 
Dept. PS5D 9530 Langdon Ave., 
ll Sepulveda. Cal. 91343 


WATER PURIFICATION 


DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


BETTER HEALTH 


REMOVE SKIN WRINKLES  perma- 
Mor without lotions or gimicks Revolu- 
tionary natural method gets extraordinary 
results. Complete instructions $10. Write: 
Youth, 2444 Lovell Ave, Sidney, BC V8L 
2J8, Canada. 


BALDING 
LATEST Medical Advancements Are Pre- 
venting Or Reversing Hair Loss. It Really 
Worked For Me! Complete Information 
Guaranteed. $10.00. Eagle Enterprises, 
Corpus Christi, Texas 


PO. Box 6768, 
18411. 


FINGERNAIL FUNGUST Inexpensive, 
natural treatment. Money-back guaran- 


tee. $10. HMC, Box 458-P, Milltown, NJ 
08850. 
BE AWARE 
RADON 


W Y 
4 
H EART ATTAC K 


doctors. Used 90+ day painless technique. Cancel- 
led gripe out pills— Ended discomfort. 


HEALTH RISKS 
TEST METHODS 
* PROTECTIVE ACTIONS 


SEND $5.00 tor INFORMATION 


RAD 
PO. BOX 10187- DEPT. A1 
LYNCHBURG, VA 24506 


Feel & "ge gg iod Regained health. Laugh at 
doctors о pills. | am а new man. Helping others. 
Free proof--SEND NO MONEY--onl 
address! Survival- 20 Box 3256, 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293. 


CABLE EQUIPMENT 


CABLE TV SECRETS - the outlaw publi- 
cation the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des- 
cramblers, Converters, etc, Suppliers list 
included. $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


CABLE TV DESCRAMBLERS 
| Why Pay a High Monthly Fee? 


Jerrold, Oak. Hamlin, Scientific Atlanta, Zenith, and more! 
60 day warranty Shipment within 24 hrs. For fast serv 


ice MC/VISA C.O.D. Telephone orders accepted. Eve- 
ning hrs. also. (312) 698-1259. Stamped Envelope (. 446) 
postage for FREE catalog. No. III. orders. 
L & L ELECTRONICS 
1430 Miner St., Suite 522 
Des Plaines, 111. 60016 


CABLE TV Descrambler Plans $3.00. 
Stevens-PS, Box 20286, Bowling Green, 
KY 42102. 


TM Tunable Notch Filters, Free Bro- 
chure. D.K. Video, Box 63/6025, Margate, 
FL 33063, 1-(305) 752-9202. 


name and 
ustin, Texas | 


CABLE TV AT IT'S BEST. Zenith, Jer- 
rold, Oak, Scientific Atlanta. 
S$B-3's...$74.00. TRI-Bi's...595.00. 
Zenith (Z-Tnc)...$169.00. FULL LINE OF 
DESCRAMBLERS & CONVERTERS. 
N.A.S. INTERNATIONAL (213) 631-3552. 


CABLE TV CONVERTERS Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. *MEW" VIDEO HOPPER 
"The Copy Killer”. Visa, M/C & AMEX 
1-800-826-7623. НЕН Inc, 10517 
Upton Circle, Bloomington, MN 55431. 


CABLE TV Converters, Remotes, Filters 
for Beeping Àny Channel 1-313-979-8356. 


MODELS - SHIPS, CARS, PLANES 


WORKING STEAM MODELS 
KITS OR ASSEMBLED 


Colored Catalog, Specs. Tractors, 
Trains, Limousine, Marine, 
& Accessories. $4.95 


Paris 
refundable) | 
Circular $1.00 Steam Power Book | 
32 colored pgs. $4.35 


LARGE DISCOUNTS. 
DIAMOND ENTERPRISES 


Dept. Р55, Box 537, Alexandria Bay, NY 13607 
Phone: (613) 475-1771 


SATELLITE TV 


Satellite TV REN 


al 
Save 30%-60% ' ‘slog | 
Мі Systems 
МА Plus upgrades for present owners: 


, Receivers, IRD's, movers, LNAs, 
LNB's. Feeds. 6' to 16' dishes $ 


Chaparral, Uniden, Drake, 
(3 Houston, Channel Master, etc. 
(di 800-334-6455 
il, SKYVISION INC.* 
* 2026 COLLEGE WAY 
ray 


ONY FERGUS FALLS, MN 56537 


INSTALL OR UPDATE YOURSELF! 


SATELLITE TELEVISION DESCĦAM- 
BLERS complete detailed plans for home- 
construction bv anvone. $5.00. Jansen 


Electronics, PO. Box 168-A, Dundee, OR | 


97115. 


DESCRAMBLER: Build your own inde- 
pendent Videocipher II descrambler and 
receive free Satellite TV pictures. Simple 
instructions, Radio Shack parts list and 
circuit board, only $49.00 (U.S.) Send 
cheque or MO payable to: C. A. Comeau, 
Box 1327 Halifax North, N.S. Canada, 
B3K 5H4. 


VIDEOCYPHER SATELLITE DE- 
SCRAMBLER SCHEMATICS (Complete 
Set) Parts list - much more! $14.95. The 
Stage Door Video, Р.О. Box 576, Burns- 
ville, NC 28714. 


HOBBIES & COLLECTION 
MILITARY Medals Catalogue $1.00. Sub- 


scription $6.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


e(ars & buggies 


e General hobbies S HORN 


e Ready-to-go boats & planes 
e Science equipment 8 


e Trains | 
Top quality, name brand items, from mail 
order чет for over 14 years. 
® Send $1.00 To: 
Standard Hobby Supply 


Box 736, De 
Mahwah, N. ‚ 07430 


| METEORITE only College Student's 
- _ $5.98 First Try in the 
; : Business World 
Impressive! Oregon Grown! 


Great gag. Formed of molten 
rock duplicating a real 
meteor. Mounted on a 
handsome pine plaque with 
brass plate inscription. 


| Send to: Krauss Ent. Box 3275 Ashland, OH 97520 


BASEBALL Cards: 25 original a 
cards from the 1950s, '60s, '70s, on 
OnTheMark Enterprises, Dept "BS Bo Box 
21241, Eagan, MN 55121. 


KALEIDOSCOPE, easy complete plans, 
$3.00 to: Kaleidoscope, Box 3635, Boulder, 
CO 80303. 


GOVT SURPLUS 


SEIZURES a- 


Autos.. Vans... Boats. . Airplanes .. Millions 
Surplus Bargains .. many 1% original cost! 
"Nationwide Sales Directory" —$3.00. me 
posal, Box 19107-FR, Washington, DC 
20038. 


VIDEO 
MULTI-CHANNEL MICROWAVE | 


ا en‏ ت ا 
LIFETIME WAR‏ 
Complete Sp $88.95 Stop Incl )‏ 


Rental Tape Stabilizer 

8 Eliminates рар b ba of color, 
rolls/streaking/ erin 
copy-protected e e tapes. 

® Restores closed caption. 

e Fully automatic, boney r powered. 


e 30 days money back antee. 
Reg. $99. 5 SALE $3995 S/H $3.95 
Order Only 1-800-541-0900, Visa, MC, COD + 
B. WOODSON VIDEO 
PO Box 5545, Cary, NC 27511 


VIDEO, Electronic Kits Catalog More. 
Video Vibes, 670 Central Park Avenue, : 
Yonkers, NY 10704, (914) 476-4864. 


MULTI-CHANNEL MICROWAVE 


RECEIVERS Complete system $64.95 — 


FREE shipping. Midwest Imports, Box 
1016, Fergus Falls, MN 56537. 4 


SONGWRITERS 


POEMS- SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. | 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. European 


Concertinas, new, used 


e 


ACCORDIONS, 
trade, free catalogues: Castiglione 12644 — 


E. 7 Mile Rd. Det., MI. 48205 1-800-325- 


PERSONAL 


Diplomas. Authentic гс 9 
log. National Certificate, Dept. 4, 
210 5th Avenue, New York, 10010 (718) 
768-6803 Ext. 100 (24 Hours). 


PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL~ 
and catalog $10.00. Hydraulic Parts Su 


| ply, Box 4157, Brownsville, TX 78523-4157. 
ن‎ — n Aiii inier ire ii 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 50е. Ellwanger's 


PS. PO. Вох V, Port Jervis, NY 12771. — Ħ. 


PRINTING SERVICES 


1000 BUSINESS CARDS. $19.95. 
Scull, 303 Leaming Avenue, North Cape, 
May, NJ 08204. 


FREE 2 COLOR PRINTING 
LIST. -30M 11 x 17-$794; 20M 16pg-$2064; 
20M 8pg-$1456. Copen Press, 100 PS 
riman St., Brooklyn, NY 11288. 


REMAILING SERVICES 


CONFIDENTIAL Mail Prin пи: 
warding. Mail Drop, Вох 
Orlando, FL 32860. 


a 


he 


| EDUCATION & INSTRUCTION 


Lj _ FREE Lifetime. Ordination. Become 
Chaplain, Missionary oes ere Bishop. 
Box 744-P5, McKeesport, РА 15134. 


OR. JOHN BEAR, RO. BOX 8447-PSC, 
| ^ MARINA DEL REV, CA 90295. 


SUPERLEARNING! Triple learning 

“ speed through music! Develop Supermem- 

ory; чит] stress. Free—book excerpt & 

ye catalog. rlearning, 450-PS5 Seventh 
AYR, N. "С. 10123. 


^s Baie WIDE COLLEGE OF AUC- 
| NEERING, INC. Since 1933. Term 
Hie Free Catalog COL. Gordon E. Taylor, 
it 945, Dept. 3 Mason City, LA 50401. 515/ 
423.5249. 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 

| dence. BLACKSTONE SCHOOL OF LAW: 
` 100; ears of legal training. Write for free 
Pe. EO Box 790906, Dept. PS, Dallas, 


HIGH SCHOOL at home, diploma 
.awarded. Low monthly payments. No 
classes, information free. Phone free 1-800- 
228- 5600, or write: American School, Dept, 
^w #347, 850 E. 58th St., Chicago, IL 60637. 


LOCKSMITHING: Free book. Locksmi- 
p thing Institute, Dept. 311-058, Little Falls, 
NJ 07424. 


n 


"= HANDLE YOUR OWN LEGAL 
Be a Paralegal. Accredited 
. Instruction. Home Study. FREE CATALOG. 
“Southern Career Institute, Drawer 58PS- 
2158, Boca Raton, FL 33427. (305) 368- 

à 2522. 


FREE GUIDE. Earn 
more money with Success Proven 
Correspondence Diploma Courses. Gran- 

| ton Institute, 263B Adelaide Street West, 
-¢ Toronto Canada. 


SLEEF-LEARNING, hypnotism! 
—4 Strange catalog free! Autosuggestion, Box 
24-A, Olympia, Washington 98507. 


AFFAIRS. 
Attorney 


SUPEHR-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
,4 Glendora, CA 91740. 


UNIVERSITY DEGREES AT HOME. 


b Convenient, Inexpensive, Accredited. 
Write: KEMSAM, Box 1383—PS5, Far 


Rock, New York, 11691. 


COLLEGE DEGREES BY MAIL. No 
classes! From 139 accredited colleges. Free 
ġ details. COLLEGE SCHOLARSHIPS 

PLUS, РО. Box PS-1285, Piscataway, NJ 
08855-1285. 


FULLY APPROVED UNIVERSITY 

1 Economical home study for 

Masters, Ph.D., FULLY 
APPROVED by California State Depart- 
ment of Education. Prestigious faculty 
counsels for independent study and life 
experience credits (5,100 enrolled stu- 

»- dents, 500 faculty). FREE INFORMA- 
t- Richard Crews, M.D. (Harvard), 
President, Columbia Pacific University, 
rtment 2R55 1415 Third Street, San 

ael, CA 94901. Toll Free: (800) 227- 

0119; California: (800) 552-5522; or (415) 

Í 459-1650. 


$ 


Bachelor's, 


UNIVERSITY DEGREES Without 
"' Classes! Accredited Bachelors, Master's, 
Doctorates. Free Revealin Facts! Careers- 
, PS5, Box 470886, Tulsa, OK 74147. 


COMPLETE AUTOMOBILE adco 


COMPUTER SYS- 
le to Use. Only $1,095.00. Crite- 
ox 6852, Leod. KS 66206. 


TEM. Sim 
rion, P.O. 
VILLARREAL NATIONAL UNIVERSITY. 
Fully accredited state university, 45,000 
4 students on campus. Offering non-residen- 

tial Masters and Doctorate de 
Inquire: International Program c/o mien 
$ national Educational Consultants, 2175-B 
Highpoint Road, Suite 217-Y, Snellville, 

+ GA 30278. 


FREE COLLEGE TAPE External 
. Degrees Bus./Pub. Adm. Law (Qualified 
Г Ваг) Accredited, Fin. Aid 314-469-9933, 
800-847-0005. LA SALLE UNI St. 

à Louis, Missouri 63146-3202. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of “The Psychology of Purity & Chas- 
tity” to: Schizophrenics international, 
RO. Box 50456, Fi. Worth, TX 76105 


GOT a Phobia? Learn Control and E joy 
Life! m ^ ene Box 388184, 


cago, IL 


WINNINOGEST Numbers, combinations, 
proven beat odds. Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. POB 70636, Pasa- 
dena, CA 91107. 


MYSTICAL POWERS Fed up, had 
enough, change your life, deepen your per- 
ception. Gavin & Yvonne, Box 1393-PS, 
Newbern, NC 28560. 


SPACE AGE ORE Base Material for 
Computer, Spacecraft, Solar Cell compo- 
nents. Great conversation piece, $4.95 
Sample and Information. R & R Sales, Box 
631, Lilesville, NC 28091. 


SAVE Time and Money! $5.00 forwards 
your name to EVERY free opportunity in 
this issue! GUARANTEED! Nelson Mer- 
ren, 20 Bailey St., Dorchester, MA 02124. 


ARMY-STYLE KNIFE for handyman, 
outdoorsman, 11 precision tools, built-in 
$12.95. Brierly Co. Box 671536, Marietta, 

1А 30067. 


SCIENCE & CHEMISTRY 


1887 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


"EXPERIMENTEHS" LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 
$1.00. Established: 1953. HAGENOW 
LABORATORIES, 1302 Washington, 
MANITOWOC, WISCONSIN 54220. 


225 PAGES! 1988 Glassware, chemi- 
cals, equipment, books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


RADON IS “HOT”! 


Thinking of Getting Rich 
by Measuring Radon? 


EG&G ORTEC. a leader in nuclear instrumenta- | 


tion, can advise and equip your new "Radon 


Measurement" service. Send today for FREE lit- 
erature: "So You Want to Get into the Radon 
Monitoring Business ' and "Environmental Radon 
Measurements by Gamma Spectroscopy." Con- 
iact "Ken Knight" Rick Seymour, EG&G ORTEC, 
100 Midland Rd., Oak Ridge, TN 37830, phone 
800-251-9750 or 615-482-4411. 


WE SHIP CHEMICALS AND GLASS- 
WARE, Catalog $3.00, Refundable With 
First Order Toll-Free Number Available 
With Catalog. Industrial Chemical & Sup- 
ply Co., Inc., 11722 Charles Street, Hous- 
ton, TX 77041. (713) 466-8776, 


Complete. $52. Visa/MC. (707) 648-0779. 
онна 219 Los Cerritos Dr., Vallejo, СА 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & 
cious Metals, 10 5. Wabash, Dept. 957, Chi- 


cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
.25¢). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


EARN 1,000's Ке airing Gold Jewelry - 
Information $4.00. Glasow's Jewelers, 416 
W. Lewis, Pasco, WA 99301. 


BOOKS & MAGAZINES 


TEACHER TRICKS - Handbook for 
teachers. $5.00. 1909 Sunset Dr, Walla 
Walla, WA 99362. 


YOU TOO CAN DO IT 
With How - To Books! Free Details: Tri-Star 
Mail Orders, 4 Parkside Drive, Kincheloe, 
MI 49788. 


EASE  vour  Burdens. Overcome 
Embarassments. Contro] your life! Claim 
over Thirty Million each year free. Guar- 
anteed, $17.95. One Moniy уси, 10 Elm 
Street. Barboursville, "5504, 


Step Aboard The Flying Barrel 
The Army has it... but they're not talking. 
y Author's book reveals the inside story. 


MI WASP” JET PLATFORM 88 pg SFB Book 
iE $6.95 + $2 00 Shi 
MucC/VISA 24 Hrs. 


pping 
7Days 1-814-267-4420 
Deeter Gap Publishing 
Dept. 2345674 
P.O. Box 996, Somerset, PA 15501 


CATALOGS BROCHURES 


FLAGS FLAGPOLES - Catalog $2.00 - 
All American Flags, 109P South Lucia, 
Redondo Beach, CA 90277. 800-448- 
FLAG, 213-545-8233. 


STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105, 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


FREE, U.S. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 


DISCOUNT STAMPS Request Coun- 
tries, Free List. Iva Stamp Company, PO. 
Box 197, Hanford, CA 93232. 


FREE Worldwide Packet. Penny Approv- 
als. Froehlich, Box 177D, Pine River, WI 
54965. 


FREE US coil pair with approvals. Carl- 
son, RT2 Box 112P, Annandale, MN 55302 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Complete Mint 
Sets 25e, Approvals. Cornetta, POB 1509- 


P Lake Placid, FL 33852. 


FIFTY SPACE Stamps 25e Approvals. 
Becker, Box 3284-PS, Portland, OR 97208. 


1000 STAMPS $2.95 - Guaranteed 
Worth Over $30 at Standard Catalog 
Prices! Money Back If Not Deligh 
Approvals. Kenmore OT-O68, Milford, NH 
03058. 


FREE! Big Catalog-New edition listing 
thousands of bargains on U.S. and B.N.A. 
stamps, packets, albums, and accessories. 
Also fine ted on approval. But ony 
what you like turn lanek promptly: 
Jamestown Stamp Сошрану. Dept E58P 
Jamestown, NY 14701. 


25 DIFFERENT triangle stamps 25e! 
дүрр. Gordon Davison Contoocook, 
03229. 


NURSERY STOCK 


MAIL Order with check - or telephone 
order - ship same day postpaid - send check 
when order arrives - sixteen ares Canna 
Bulbs $12.00-100 $40.00 - President Red - 
Yellow - Pink - Orange - Satisfaction guar- 
anteed - Culture fre - 405-637-2327. 
Нате, 4000 000 Canna's, Carnegie, OK 


WINEMAKING 


WINEMAKERS—BEERMAKERS | Free 
Catalog. Fast Service. Large Selection. 
EN Box 7850-N Independence, MO 


WIN 1 Free 
Illustrated Eê of supplies. Semplex, 
РО. 11476H, Minneapolis, MN 55411. 


HOME BREWING 
BEERMAKERS! FREE comprehensive 
Catalog/Newsletter. William's Box 2195- 


P8, San Leandro, CA 94577. 


| [Panasonic.......... 


ELECTRONICS, 
STEREO HI Fi 


ABLE DECODERS| 
& CONVERTERS 
Orders & Free Catalog 
1-800-624-1150 


Information 
| — 402-554-0417 
Jerrold 450........ $98.00 
Starcom CSV.... $139.95 
Hamlin Mld 1200 $99.00 


Oak N-12 V.S.... $102.00 


$99.00 
Oak M-35-B.......5105.00 
Zenith............. $185.00 
Eagle............. $110.00 


Scientific Atlanta$140.00 
All prices are subject to chan 


M.D. ELECTRONICS spree 


lOmaha, Nebraska 68137. 


PEPPERPOWER! Universal multi-volt- 

= laboratory-experimenters power ang 
Write for brochure. Pepperkit, 52 
10th Street, Sparks, Nevada 89431-0811. 


AUTHOR 


AUTHORS WANTED BY 
NEW YORK PUBLISHER 


Leading subsidy book publisher seeks manuscripts 
of all types: fiction, non-fiction, poetry, scholarly 
and juvenile works, ete. New authors welcomed. 
Send for free, illustrated 40-page brochure C-52 
Vantage Press, 516 W. H St, New York, N.Y. 10001 


RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 


Каш реп Low prices we 
ship CO] С.О. DS Send $2.00 for catalog. Cable- 
tronics Unlimited, PO. Box 266-5, 5. Wey- 
mouth, MA 02190 (617) 982-9865. 


RECORDS & TAPES 


COMPACT DISCS. Your Music! Bar- 
gains! Catalog $1.00. Tower, Dunkirk, MD 
20754-0213. 


RADIO SH NOSTALGIA 3 cassette 
set - Abbott & Costello. Amos & Andy, Jack 
Benny & Fred Allen. ONLY $11.99 + 
$2.50 P&H. FREE CATALOGI The Good 
Old Days, Box 1037, Southbury, CT 06458. 


SINATRA NOSTALGIA MUSIC 3 cas- 
sette ta set of Sinatra's greatest - re- 
corded from originals. ONLY $11.99 + 
$2.50 P&H. FREE CATALOG! The Good 
Old Days, Box 1037, Southbury, CT 06488. 


HOME REPAIRS, REMODELING 


STUC-O-FLEX Flexible Textured Finish 
is an elastic water borne stucco-like coat- 
ing for interior exterior that won't chip, 
crack or blister. Easy to apply by home- 
owner and contractor alike - comes pre- 
mixed, precolored, ready to use. Clean up 
with soap and water Contact Perma- 
Chink Systems, P.O. Box 2603, Redmond, | 
WA 98073, (206) 885-6050. | 


AGENT WANTED 


SPARE TIME CASH. SELL FAMOUS 
| SHOES. Free sales kit. No 
experience needed. No age limit. Big com- 
missions. Hanover Shoe “Dept. 3963, Han- 
over, PA 17331. | 


to handle well 


received roducts, exclusive territories. 
Seer О Box 70-1054, Flushing, NY 
11370. 
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ADVERTISEMENT иин 


Product Information 


companies. The convenient order form will save you time and post- 


Booklets, catalogs, and folders listed below provide reliable informa- 
age. Orders will not be processed unless accompanied by the $1 


tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


501 Automotive Accessories The Beverly 
Hills Motoring Accessories catalog contains 
exclusive merchandise for your car, including 
car covers, floor mats, sheepskins, and per- 
sonalized items. Cost of catalog is refundable 
with purchase. $3 


502 Custom Houses This brochure from 
The Building Institute explains how you can 
save up to 30 percent with a custom-built 
house. It also lists 215 top manufacturers of 
custom-built homes, many of which will make 
all the parts for your house from your plans. 
$1 


503 Fence Construction — An illustrated 
four-page booklet from the California Redwood 
Association has step-by-step instructions for 
building many simple redwood fences. It also 
includes planning tips and information about 
redwood grades and recommended finishes. 
50g 


504 High-Tech Newsletter Join professors, 
engineers, and other professionals with the 
Casiolink, Casio's high-tech newsletter. The 
latest developments in electronic products are 
discussed, and useful applications from news- 
letter readers are shared. $2 


505  Personal-Computer Tips Іп its de- 
tailed color brochure, CompuServe tells how 
to obtain access to its vast data banks for 
reference material, news wires, financial and 
travel information, an encyclopedia, electronic 
mail, games, and lots more. Free 


506 Wheel Polishing & Plating Highland 
Plating Co. polishes or plates fine OEM or 
aftermarket alloy wheels in many finishes and 
specializes in refinishing wheels for Porsche, 
Mercedes, BMW, Audi, Corvette, Supra, RX- 
7, and many other models. $1 


507 Camper's Guide А 160-page direc- 
tory from Kampgrounds of America lists KOA 
North American campgrounds. No camping 
enthusiast should be without it. The guide 
includes full-page full-color travel maps. $2 
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508 PoolCleaning The Kreepy Krauly Au- 
tomatic Pool Cleaning System brochure dis- 
cusses why over one-half million pool owners 
worldwide rely on Kreepy Krauly. The system 
automatically vacuums and scrubs walls, 
floors, and tiles, and eliminates hand vacu- 
uming. Free 


509 Log Homes Build a better home with 
the Original Lincoln Logs Ltd. catalog. Choose 
from 56 full-color designs, featuring rounded 
or clapboard exteriors, or create your own. A 
network of building professionals help turn 
Lincoln Log complete kits into custom-made 
houses. $10 


510 Cedar Homes Spectacular custom 
cedar homes from Lindal Cedar Homes are 
featured in a new 200-page plan book with 
over 250 color photographs and 90 custom 
plans. $10 


511 Sonar Products The 1988 Lowrance 
catalog contains the company's line of state- 
of-the-art sonar products, including the new 
X-30 liquid-crystal graph, the X-40 and X-50 
LCG sonars, and the X- 16 chart recorder. Free 


512 North Carolina Vacation This travel 
package from the North Carolina Division of 
Travel and Tourism gives information on where 
to go, where to stay, and what to do on a 
vacation in beautiful North Carolina. Free 


513 Adjustable Gas Shocks Rancho Sus- 
pension has added a three-way adjustable cel- 
lular gas shock to its fine line of products. 
Features include a 1%-inch adjustable pis- 
ton head, special 10-stage velocity-sensitive 
valving, a four-stage sealing mechanism, and 
a limited lifetime warranty. All are described 
in the Rancho Buyer's Guide. Free 


514 Motoring Accessories Reliable Mo- 
toring Accessories’ Style '88 catalog features 
items for most imported and domestic vehi- 
cles—car covers, bras, carpet mats, electronic 
components, aero kits, etc. Cost of catalog is 
refundable with purchase. $3 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks’ delivery. 


handling fee. For your safety, please do not send cash. 


515 Wildlife Protection Sav-A-Life Deer 
Alert Animal Warning Device from Sav-A-Life 
warns deer and other animals up to 14 mile 
away and prevents animal-vehicle collisions. 
Literature explains use and features. The 
warning device is available in black, gold, and 
chrome. Free 


516 All-Purpose Cleaner Sunshine Mak- 
er's brochure gives information on using Sim- 
ple Green, the revolutionary all-purpose 
cleaner and degreaser Simple Green is 
nontoxic, biodegradable, and nonabrasive. A 
list of outlets where you can find Simple Green 
Is included. Free 


517 Sporting Goods Tasco presents 
its 1988 Binocular and Sporting Goods cata- 
logs, featuring everything from World Class 
Wide Angles to Tasco’s exclusive BinoColors 
and the widest variety yet of rifle and pistol 
scopes; rings and bases; spotting scopes; and 
sun, fishing, and shooting glasses. $3 


518 Automatic Sprinklers Того has intro- 
duced Green Makers, the easiest do-it-yourself 
underground sprinkler system. A full-color 
folder contains information on the system and 
a planning and installation guide and lists 
all the advantages of having an underground 
sprinkler system. Free 


519 High-Performance Tires 
Toyo Tires (U.S.A.) Corp. brochure displays 
the Series 600 high-performance line. The 
VR-Rated CI is suited for the street or rac- 
ing, while the HR-Rated Ultra High-Perfor- 
mance Radial is for drivers who appreciate 
superb handling. Free 


520 Electronic Sensor Zircon Internation- 
al's Stud Sensor uses integrated circuitry to 
locate quickly and accurately wall studs, ceil- 
ing joists, fire breaks, and other supports. 
Stud sensor calibrates the density of a cover- 
ing material and then, when it is moved across 
the calibrated surface, it signals density vari- 
ations with LED lights. Free 
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COMPUTERS 


- COMMODORE REPAIRS (C64- $39.95) 

or LOW COST CHIPS. Largest U.S. Service 

, Center in the country. Request catalog. 

Kasara Micro, 33 Murravhill Drive, 

АЕ ya dej, NY 10977, 800-248-2983 
ationwide) 914- 356-3131. 


HUGE SAVINGS on Computer Software, 
Hardware Products. 3000 Item Catalog. 
#end $5.00 to: PCS, Р.О. Box 1481, Fayette- 
ville, GA 30214. 


COMPUTERS Semiconductor circuits 
text Schematic Diagrams and explan- 
ations how the circuits work. Send $12.00 
(CK. MO.) Edhenzdan Co., 
Quincy, MA 02269. 


+ FREE programs!! IBMpc's/Apples/Com- | 


modores/Adam/TRS80's/T199-4A. Ezrae- 
l , Box 52225МҮ, San Diego 92105. 


IBM Compatible XT/Turbo 5295 +, 
aas +. Order line 1-800-541- 0900. 


Woodson Computer, Box 5545, Cary, NC | 


21911. 


POWERFUL AT COMPUTER KITS 
NOW AVAILABLE! Build your own 80286- 
4? or 80386-18 AT;s with simple-to-follow 
nstructions at fraction of dealer cost. Send 
$5 for Components Wholesale Catalo ш 
~ |ompatibles, Dept. A, РО. Box 12392, 
Cajon, CA 92020. 


+ PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, pros perra 7 repairin and кергон» 
ing with our Mold Making ge poe lies 
"Catalog $2.00. CASTOLITE, Dept. S, 
Box 391, Woodstock, IL 60098, 


FOREIGN PERIODICALS 


а WORLDWIDE ENGLISH NEWSPA- 
PERS/MAGAZINESI SAmpler: 3/82.49. 
FREE BROCHURE. MULTINEWSPA- 
Soo Box DE-35, Dana Point, California 


LOANS BY MAIL 


Loans to deserving individ- 
elsewhere. Many plans 
| us! Associates, Box 98-P3, 
Brooklyn, NY 11235. 


BORROW $40,000 "overnight." Any 
[ро Free Report. Success Research, 
lox 19739-FR, Indianapolis, IN 46219. 


. $100,000 line credit without investiga- 
' tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
PAS PS-5, Box 5399, Torrance, CA 


4 BORROW $100—$100,000! Fast, Con- 
dential! Marigold, Box 2030-PS, Richard- 
X 75080. 


FREE MONEY! $300,000.000 GIVE- 

MAWAY. Grants. Never repay. Details $1.00, 

Es Box 3066-PS58, Seminole. FL 
642 


VISA! MASTERCARD! Regardless of 


Credit Experience! Apply Toll-Free, 24 
Hours: 1- 227-8472, xt. 26. 
BORROW $500 - $40,000! “On Signa- 
‚ ture" Any ! 97% Eligible! 


Application: National, Box 3789-K, Dow- 
ney, CA 90242 


BORROW $60,000 "Overnight". Any 
рои Keep indefinitely! Free details! 

rite: Martin, Box 45-SP, Old Westbury, 
NY 11568. 


ы $100,000 Borrowed Overnight Free 
. Details MGB-PS 388, Box 2298, Sandusky, 
. OH 44870. 


$5,000 CREDIT ! No Credit Check! Not 
д Плано, Actual Credit. (516) 625- 
- B. 


BORROW any amount! Get Visa/ 
@iasterCard! Instant reply! Sunrise, 
Box 42P, Bethpage, NY 11714-0042 / 

" (516) 349-1649. 


MAGIC TRICKS 


I Huge Cata- | 


PROFESSIONAL MAGIC 
log, over 1,000 Tricks and Books. $4.50. 
pean Lee's gy Factory, Dept. PS5, 125 
M incoln Street, Boston, MA 02111. 


b 


Box 2176. | 


FOR INVENTORS 


PATENT ECONOMICALLY! Free 
details. TER since 1958. Rainer Asso- 
23229 2008 Fondulac, Richmond, VA 

9, 


NONPROFIT foundation helping inven- 


tors over 12 years. Free recording forms. 
Free evaluation. Affiliated Inventors 
Foundation, 501-A lowa, Colorado 


Springs, CO 80909 or Call 1-800-525-5885. 


Can you patent and profit 
from your idea? Call or write for vour free 
information package. Over a decade of 
service. INVENTORS COR- 
PORATION, 82 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 
338-5656. In Massachusetts or Canada call 
(413) 268-3753. 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and 
Licensed Professional Engineer. Send for 


FREE PATENT IN AT Every 
Inventor Should Have. Richard L. Miller, 
12 Parkside Drive, Suite-N, Dix Hills, NY 
11746. (516) 499-4343. 


REGISTERED PATENT ATTORNEY will 
evaluate invention, prepare and prosecute 

atent application. asonable "rates. 
Edwin Schindler, 1523 East 4 Street, 
Brooklyn, New York 11230, (718) 336- 
9346. 


WANTED: Combination Inventor and 
Inheritor, to inherit my estate. 1-314-435- 
9290. 


FREE information on offering your 
invention for sale. Kessler Sales Corpora- 
tion, C-7T-FI, Fremont, Ohio 43420. 


INVENTIONS WANTED 


INVENTORS! Confused? 
Call AIM for free information kit. In U. S 
and Canada. Toll free: 1-800- -225-5800. 


IDEAS, INVENTIONS, NEW 


PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-288-IDEA. Or write: 


RESEARCH att DEVELOPMENT! Free 
Kit— 1-800-628-2828. 


INVENTIONS Developed Marketed, 
Free Invention Certificates. MANUFAC- 
TURERS REPRESENTATIVE, Suite 3615- 


PS, Woolworth Building, New York, NY | 


10007. 


NEEDING Assistance? PATENTVEST- 
MENT INTERNATIONAL, 1155 Connecti- 
cut #300 Washington, DC 20036-4306, 


LEARN how to offer your invention for 
sale or license. Free booklet outlines proce- 
dures, royalty rates, requirements. Kessler 
Sales Corporation, C-7-IW, Fremont, Ohio 
43420. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92815. 


FREE Hypnotism, Self-Hypnosis, Sleep 


Learning Catalog! Drawer PS400, Rui- 
doso, NM 88345. 


CHARGE/VISA, 
1-800-544-0499. 
CARTOONING, SIGN PAINTING 


LEARN Sign lettering video. Detailed 
instructions and pinstriping booklets. 
$34.95. Video, 513-E. Hawthorne, Fort 
Wayne, IN 46806. 


BODY BUILDING 


BIGGER, STRONGER MUSCLES - 

' NOW! Secret, New Muscle Drink Recipe 

Revealed!!! Rush $4.00 to: Research Enter- 
rises, Dept. PS5, Box 20387, Baltimore, 
D 21284-0387. 


BUILD YOUR OWN EXERCISE DEVICE 


Its inexpensive to build and vou can 
develop that body you always wanted! Send 
$7.95 for plans. J.R.S. Publications, РО. 
Box 1163, Franklin, PA 16323. 


Need help? | 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women-Men. Work month- 
Home mont "USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


GOVERNMENT JOBS $16,040 - 
$59,230/yr. Now Hiring. Your Area. Call 
805-687-6000 Ext. R-20025 for current 
Federal list. 


AMAZING Part Full Time Photography 
Business Earns You Thousands Monthly 
Fast and Easy. Recorded Message Reveals 
Details 1-416-482-1500 Ext. 105A. 


REPOSSESSED homes form Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Ext. H8230. 


EASY Works! Excellent Pay! Assemble 
products at home. For info. Call-504-641- 
8003 Ext. A-8068. 


UNITIES unlimited! Trained 
R.V. Technicians needed nationwide. Free 
details. N.A.T.S., PO. Box 847, Strouds- 
burg, PA 18360. 


EARN 227.00 - $54.00 per roll taking 
snapshots any area. No experience or sell- 
ing required. Write for free information 
and application to: B.F.M., РО. Box 64995, 


| Tucson, AZ 85740. 


SPORTING GOODS 


WORLDS largest selection of black- 
powder guns and accessories. Send $3.00 

or illustrated catalog featuring 7000 
items. Dixie Gun Works, Dept. 14, Union 
City, TN 38261. 


TAY SOMETHING OLD: Y^ age weap- 
ons: Spear, Throwers, Target Spears. Tate 
Enterprise, Box 110755, Aurora, CO 
0011. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, *, Woodside, NY 11377. 


MONEYMAKING _ 
OPPORTUNITIES. 


GET RICHI! Secret law smashes debts- 
brings cash credit! FREE re Hs Wealti 
Kit-5, Box 4036, Pompano, L 33063. 


HIGH Profits T-Shirts ‚р Inexpe 
sive, transfer machines, sup 
РО. Box 22809-LLD, Tampa, Pis 33625" 


BUMPERSTICKER Printer. Chea 
Simple, Portable. Free Details. Bumpe 
POB 22791 (LLD), Tampa, FL 33622. 


MAKE MONEY. Five different bookle 
Horizons, 225 Michigan N.W, P.O. B« 


1172, DEPT. PS, Grand Rapids, Michiga 
49501. 


Fr« 


andusk 


$100,000 Borrowed Overni ht. 
Details MBG-PS 388, Box 2298, 
OH 44870. 


EXOTIC TROPICAL SEEDS 
WORLD'S MOST UNIQUE MAIL ORDE 
BUSINESS. Sell seeds, and dealershi 
send 220 stamp. TROPICALS, 115 
oo Mdws Dr, Gaithersburg, M 


BILLIONS OF DOLLARS are waitin 
for you. Find out how to get your shai 
FREE. Write to: KTL International, Dep 
P305, РО. Box 576, Athabasca, AB, Cai 
ada, TOG OBO 


MONEY! SUCCESS! POWER! You ca 
have it all. Free Information. Kable Ente 

prises, Dept. P. eel West Henley Driv 
Columbia, MO 65202 


MAILING Yum 


HIGH Quality List Don't Be Misled V 
Have Ninteen Categories To Choose Fron 
Send Sase. E.J. Keefe & Associates, 301 
Killybrooke Ln., Costa Mesa, CA 92626. 


FREE Sample Of Mailing Lists That C« 
ج‎ McCann, 32 Maine, Carteret, N 
i 3 


Ex-Factory Worker Gets $242,456 
From A Product You Can Get FREE! 


Canton OH (special) 
Being rich and independ- 
ent are dreams which ex- 
cite most of us. It’s no 
secret of course - the key | 
to financial success in | 
America today - is a busi- 
ness of your own. 

The only problem is 
the large investment usu- 
ally required to start à 
business. 

We recently learned of Murry 
Broach, a 48 year old ex-factory 
worker. Murry started a very suc- 
cessful business in his home, with 
practically NO INVESTMENT. 

The real beauty of his situation 
is his product. He gets it FREE! 

Murry spends a few pennies 
"converting" the product to an in- 
demand item. then markets it by 
the thousands. "It's easy.” he says, 
"and anyone can do it," No per- 
sonal selling is involved. 

The lines in his face - the grey 
beard and hair. testify to over 
twenty years "at hard labor" in a 
paper mill. He became disabled in 
[983 and was forced to look for an 
easier way to make a living. After 
discovering the FREE product, it 
was all "clear sailing." 

Murry showed us last year's 
bank deposits of just over 
$242,456. He says he hasn't de- 
E KT Murry Broach DMA 


y Broach 


cided yet just where to 
stop increasing his in- 
| come! He admits how- 
ever, at some point, he'd 
have to move the busi- 
ness off his dining room 
table. 

When asked, “what is 
the product you can get 
FREE." Broach answers 
with a smile. "That," he 
says, “would be like telling vou the 
ending of a movie before you've 
seen it!" 

He's quick to add - "it's nothing 
illegal or immoral. It's NOT food, 
water, religion, mind power or hard 
work. NOTHING to do with sex, 
multi-level marketing, chain letter 
schemes, envelope stuffing. real 
estate, computers or precious 
metals." 

“In fact,” he tells you, “it’s some- 
thing | know YOU need right now! 
It is definitely in-demand. It's NOT 
a gimmick of any kind and practi- 
cally anyone will buy it!" 

Want to learn how YOU could 
become successful and independ- 
ent from a product you can get 
FREE? Murry has offered to send 
complete details to readers of this 
column. 

Just print your name and address 
on a piece of paper and send to 
"FREE" Dept. М856 - 708 - 12th 
Street N.W.-Canton, Ohio 44703. 
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includes many popular 
NO.1--FORD PICKUPS © зз 
| | | | | Special equipment pack- fi 
FIRST T5 SALES FIE T LA ages are also available — 
FIRS S. FIRST WITH HI-TECH sss 
| ' | | Г XL and Custom models. 
FEATURES. FIRST IN VALUE. uum 


tures to Chevy 5-speed 
Ford has been the HIGH POWER. MORE VALUE. models...and their price 
best-selling pickup for Ford pickups give Today's F-150 with a is hundreds of dollars 
11 straight years? And уои a bigger standard 5-speed transmission higher than Ford?" 
there's never been a Six with 12% more ` = 
better time to buy one torque than Chevy. 
than right now! V-8's range from the 
HIGH TECH. most powerful small 

First with rear Anti- gas V-8...to the biggest 

lock brakes last year, diesel in any pickup: 
Ford leads Chevy with BIGGER PAYLOADS. 
multiple-port fuel injec- '88 Fords are built 
tion across the line. so tough that their 
Gas-pressurized shocks payloads exceed Chevy 
for a smooth ride. by up to 565 165.! 


COMPARE FORD TO CHEVY** 


Ford Chevrolet Ford 
F-150 LWB C-1500 LWB Advantage 
-| XLI Lanat—5-Speed Silverado 
Equipment Package 9-5peed, 
007A comparably equipped 
$12,046 $12,861 


— EE 5— 3 —— се 


$815 less 


Ford Chevrolet 
F.150 LWB C-1500 LWB 
Custom — 5-Speed Chevenne 
Equipment Package 5-Speed, 
500A comparably equipped 
$11,078 511,545 $467 less 
No charge items on Ford manual transmission packages include: 
Radio, AM/FM Stereo 
P-235 Tires 
Argent Rear Step Bumper 
sliding Rear Window 


Bright Low-Mount Mirrors 
Auxiliary Fuel Tank 
Tinted Glass 

Tachometer 


Package content differs and savings vary in La., Okla., Texas. 
F-150 prices higher in N.Y. See your dealer for complete details 


6/60 WARRANTY. 
Covers powertrains 
for 6 years/60,000 miles 

and body-panel rust- 
through for 6 years/ 
100,000 miles? 
BEST-BUILT 
AMERICAN TRUCKS 
7 YEARS RUNNING. 
Based on an average 
of owner-reported 
problems in a series of 
surveys of '81-87 models 
designed and built in 
North America. At Ford, 
"Quality is Job 1” 


Optional two-tone paint 


$215 MSRP 


*Based on latest available calendar year 
manufacturers reported retail deliveries. 
**Based on manufacturers suggested 
retail prices of F-150 (2WD) equipped 
with 5-speed manual transmission and 
Preferred Equipment Packages listed 
compared to MSRP of comparably 
equipped C-1500 Chevrolet models. 
Comparisons based on prices available at 
time of publishing, including destination 
and delivery charges and excluding title 
and taxes, 

Restrictions and deductible apply. 

Ask your Ford Dealer for a copy of this 
limited warranty. 


Buckie up—together we can save lives. 


FORD PICKUPS 


AMERICAS TRUCK:BUILT FORD TOUGH 


crush. - 


No wonder so many smokers are switching to Merit Ultra Lights. 

They're the only ultra lights with Enriched Flavor™ Which gives them something 
you'd never expect to find in an ultra light: taste. Real, satisfying taste. In fact, Merit Ultra Lights 
taste so good, the only way to make them better was to make the pack sturdier. 

So, here’s the new crush-proof Merit Ultra Lights Box. 


Enriched Flavor.” ultra low tar. A solution with Merit. 


MIERI 


FILTER 


New Merit Ultra Lig hts Box. 


SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal © Philip Morris Inc. 1988 
Injury, Premature Birth, And Low Birth Weight. 


Kings: 5 mg "tar, 0.5 mg nicotine av. per cigarette by FTC method. 


